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ABSTRACT

The HELOSCAT is a helicopter-borne FM-CW radar capable of acquiring differ-

ential radar cross-section data over a wide range of frequencies (4-18 GHz),

polarizations (VV, HH, HV) and angles of incidence (10* - 700). A technical

description is provided.

"4
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1.0 INTRODUCTION

The value of all-weather, day-night radar reconnaissance of sea ice has been

well established by empirical means. Such techniques are used by scientists and

Arctic operators in various countries of the Arctic basin. Although aircraft

radar monitoring systems are in operational use, knowledge of the nature of the

interaction between microwaves and ice is still sufficiently incomplete that

design of future systems cannot yet be optimized. Furthermore, this knowledge

is important to a fuller understanding of the observations made both by operational

systems and experimental systems, both of which are radars designed for other

purposes.

>The purpose of this report is to provide a detailed technical description

of the University of Kansas helicopter-borne microwave active spectrometer (HELOSCAT).

A major advantage of this calibrated system is the mobility of the helicopter

platform--it has the advantages of both i ground-based system and an aircraft sys-

tem without many of the inherent disadvantages. The Bell 206 helicopter was

chosen as the best platform because of its wide availability in the High Arctic

(and continental U.S., for that matter). and its low operating cost when compared

to its sister aircraft, the Bell 205 and 212. Costs are in the range of $350/flight

hour with a fuel consumption of 30 gallons per hour. In contrast, the larger

Bell 205 costs are $1000/hour with a fuel consumption of 80 gallons per hour.

'\This system fe-. -ts the ability to acquire data at frequencies from 4 to

18 GHz with like- and cross-antenna polarizations and angles of incidence from
"104 to 70( as apecified in.G(abl. All control, including that of the angles

and antenna polarizations, is from within the aircraft. Frequency selection

may be performed both manually or via microprocessor. The microprocessor also

multiplexes data from a fast true rms detector (0.1 second average) and an aver-

aging true rms detector (1 second average). Information such as the modulation

frequency of the oscillator control signal, the altitude determined by the HELOSCAT

radar altimeter, a test-site code and the time of a measurement is placed onto

digital cassette tape by the microprocessor. An automatic tracking loop is used

to compensate for variations in aircraft altitude and attitude by locking the

processing circuitry onto the targe returns. Much work has been done to make

the radar into a small, lightweight aid easily installed package.



TABLE I

IIELOSCAT III SYSTEM SPECIFICATIONS

Type FM-CW

Frequency Range 4-18 G~lz

Modulating Waveform Triangular

FM Swee; 800 MHz

Transmitter Power 14-19 dBm

Intermediate Frequency 50 kHz

IF Bandwidth 13.5 kHz

Antennas: Log-Periodic Feed Reflectors
No. 1

Size 46 cm
Polarization VV
Beamwidths (a e) 7.60, 4.90, 3.70 and 2.90 at

e 4.8, 7.2, 9.6 and 13.6 GHz

No. 2
Size 61 cm
Polarization HH
Beamwidths (8 5.40, 3*, 2.70 and 1.90 at

e 4.8, 7.2, 9.6 and 13.6 Glz,

No. 1/2
*Size 64 cm and 61 cm

Polarization Cross
Beainuidths 8 e) 6.30. 4.2%, 3.20 and 2.30 at

C4.8, 7.2, 9.6 and 13.6 GHz

Incidence Angles 10* to 760 from nadir

* Calibration:
Internal Signal Injection (delay line)
External Luneberg len-s

*Altitude 30 m for e- 100 to 500

15 m for 8 600 and 700



2.0 A BRIEF ACCOUNT OF RADAR CROSS-SECTION THEORY

A radar scatterometer is a device that accurately measures the strength of

an observed signal which evolves due to the scattering properties of an observed

region (1]. The radar backscatter is described in terms of the differential

radar cross-section a0. This representation is used because backscatter is assumed

to be the incoherent collection of a very large number of separate scatterers.

This says that the scatterers are sufficiently randomized in the resolution cell

that the received power from each may be added to the power from all the others

without consideration for phase;

2.1 Modified Radar Equation

When sensing a target where the radar parameters remain essentially unchanged

from one part of the resolution cell to the other, the following modified radar

equation may be applied (2]:
Pt~t~rk2oO~L

P PtG tG rX a AIL
r (4,r) 3R (1)

where:

Pr received power

Pt = transmitted power

Gt  transmit antenna gain

G receive antenna gain

X wavelength
0
a = differential scattering cross-section per unit area

AILL ' illuminated area

R T ' range to target

2.2 Determination of Differential Scattering Cross-Section

The power for a radar may be measured directly by use of a square-law detec-

tor. This power may be related to the returned power at the receive-antenna port

through an unknown constant, KT , which represents the effects of the receiver gain

as well as the attenuation and conversion losses between antenna and detector.

We can then relate the detector power, PT' to the returned power.
PtGtGrX2a°Al

P = 1(T2 (4G)Gra ILL (2)
! T
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Immediately before and after recording the return from the target of interest,

a coaxial delay line of loss L is switched into the circuit at the antenna ports

to replace the path through the transmit antenna to the target and back through

the receive antenna.

The power after square-law detection is given by:

SDLT KT 2PtL (3)

Taking the ratios of equations (2) and (3), we have:

ST = GtG r 2 °aAILL (4)
P DLT (4)3 RT4 L

As can be Seen in the above equation, variations in transmitted power and

the effects of variations in cable loss, mixer conversion loss, receiver gain,

etc., are removed.

To complete calibration of the system, the returns from a standard target

of known radar cross-section are measured. The standard radar target used in

the Arctic backscatter experiments is a Luneberg lens. The returned power of

the standard radar target is given by:

2 PGGXa SRT (5)
LENS c (4-03R 4

where:

K = system constant K at time of calibrationc

Rc = range to standard radar target
aSRT = radar cross-section of standard radar target

The power detected through the coaxial delay line at the time of calibration

using the standard radar target is given by:

P D K 2PL (6)PDLL T c t

The ratio of equations (5) and (6) is given by:

P LENS G t GS r Aa2SRT

P DLL (47) 3R 4L
c

SB
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Note that variation in P and K do not appear in the ratio. Combining equation
T c

(7) with the inverse of equation (4) yields the following when solved for o°:

P P R a
0 PTPDLLRT 0SRTa M (8)~4 A

P P R A
DLT LENS c ILL

expressed in dB may be written as follows:

a°(dB) = PT(dB) - PLENS (dB) - PDLT(dB) + P DLL(dB)

+ 40 log (RT/R c ) + aSRT (dB) - 10 log AILL (9)

PT(dB), PDLT(dB), PLENs(dB) and PDLL(dB) are measured and recorded at the time

of the experiment.

2.3 Illuminated Area

The illuminated area is calculated using the geometry shown in Figure 2.1.

The projection of a radar beam in the form of an elliptical cone as seen on the

ground is a skewed ellipse. The area of the ellipse is calculated as

A L =r (major axis)(Minor axis)AILL =W

Note that the major axis lies in the elevation plane and the minor axis lies in

the azimuthal plane. From the geometry of Figure 2.1, expressions for the major

and minor axes were derived.

Maxis = RTcosG(tan(e + aE/2) - tan(e - BE/2)]

maxis = 2 RT tan(8A/2) (10)

and

AILL ' (T/2)RT 2cosetan(BA/2)-[tan(e + aE/2) - tan(e - sE/2)] (11)

where:

AILL illuminated area

Maxis = major axis

m a - minor axisaxis

RT = range to target

e pointing angle of antennas off vertical

E  effective gain product beamwidth in the elevation plane

a A effective gain product beamwidth in the azimuthal plane



I Figure 2.: Radar System Geometry



-7-

2.4 Relationship Between Range and Oscillator Modulation Rate

For a given target at range R, the time that returned signals are delayed

when referenced to the transmitted signal is 2R/c. An illustration of the fre-

quency relationship between the transmitted and received signals for triangular

frequency modulation is shown in Figure 2.2. Using similar triangles it may be

shown that:

2R/c l/(4fM); = A f / 2( 1 2 )
or f IF Af/2

[ or

R = f F c/4Aff M (13)

where:

R = equivalent free-space range to target

c = free-space velocity of light in m/sec

fm oscillator modulation frequency

f I= intermediate frequency
Af= sweep width of RF signal

However, equation (13) does not account for the delay that occurs due to the

travel of the radar signal within the radar itself. To account for this delay a

range term associated with this time delay, RD, must be added to equation (13).

R = fF c/46ff - RD  (14)

2.5 Range Limiting by IF Bandpass Filter

A bandpass filter is used in the processing of the intermediate frequency

return signals acquired from the earth scene. This filter limits signal proces-

sing to the intermediate frequencies which exist within its bandwidth or, equi-

valently, to the scatterers which are located within a resolution cell determined

by the filter bandwidth. Normally the range of the return s*.nal intermediate

frequencies is limited by the filter action of the antenna pattern. However, IF

filter limiting will occur when the radar beamwidth range resolution becomes

greater than the IF filter resolution. The beamwidth resolution is given by:

AR = R cos6[sec(O + BE/2) - sec(O - BE/2)] (15)

The filter resolution is given by:

RAf IF
AR = f (16)IlF
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Figure 2.2: Simplified FM-CIW Radar System
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where Af = IF filter bandwidth.

If the incidence angle exceeds the value for which AR is the same in (15)

and (16), the IF bandpass filter starts to cut off the returns from the ranges

which correspond to the IF frequency of outside its bandwidth, resulting in the

reduction of illuminated area. The following is a summary effect on illuminated

*area [3].

From Figure 2.3, a and b are the semi-major and semi-minor axes as given by

equations (10) and (11). a1 and a2 are the range limits set by the filter and

given by:

a1 =(R+ R -f (17)U c
(2 = (R + R)j-Af (18)

c

where fc is the center frequency of the filter and Af is the bandwidth of the
filter. Z and Z2 are the distance from the center of the beam to the edges of

the beam, and x] and x2 are the distances to the range limits of the filter.

K is the distance to the center of the ellipse. From Figure 2.3, the following

equations are easily obtained:

y = h.tan(e - sE/2) (19)

K = y + a (20)

z = (h.tane) - y (21)

z2 = 2a- £1 (22)

)h.tane - h2  if a > h
x 1 1 -

X htane if a < h (23)
1

x = Va2 - h2 _ h-tane (24)2. 2

Depending on the relations between x1 and Z and between x2 and Z29 the following

four cases can arise.

4 -I -



t*4-

0

CA E
3

0

CL

LL.



4 -1

Case I:

The filter completely covers the antenna beamwidth (see Figure 2.4) when

x1 > 9I and x2 > £2" This is the case ireated in the beginning of this section.

Case 2:

The filter partially covers the radar resolution (see Figure 2.5) when

x1 < EI and x2 > £2"

G = h-tane - xI  (25)

The equations for the ellipse and the equal range circle are given, respectively,

by
2 2

(x -K) + Y = (26)
2 2
a b

and

2 y2  G2x + = (27)

Solving these two equations for the intersection point I,

T = [Kb 2 
- Va2b2K2 - a2 (G2 - b2 )(b2 - a2 )]/(b 2 

- a2 ) (28)

The area which should be subtracted from the whole ellipse is,

area = 2[ f bVI - (x-K)z/az dx + f VG7 -x dx (29)

Solving equation (29), we have

ab G2

area = 6 (e1 - sin2GI) +"F (2G 2 - sin28 2 ) (30)

where:

e1 = cos ((h - ')/a)

62 = cos"I (T/G)

Therefore, the resultant illuminated area for Case 2 is:

AILL = rab - area (31)

where area is given by equation (30).
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Figure 2.4: Showt Filter Completely Covering Radar
Beam Resolution (Case I)
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Figure 2.5: Shows Filter Partially Covering Radar
Beam Resolution (Case II)
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Case 3:

The filter partially covers radar resolution (see Figure 2.6) when

x > I and x2 < z 2" Now,

G h-tane + x (32)

The shaded area can be calculated along the same lines as in Case 2 and is given

by

AILL - 2[ bVI - (x-K)ziaZ dx + /G2 - x2 dx (33)

Y

Solving equation (33), we have

A = - (0 - sin2e1) + - (202 - sin2e2) (34)

Case /4:

The filter resolution is completely inside the radar beam (see Figure 2.7)

when x < z and x2 < Z2. Here,

G= h'tan6 - x l

G2 = hetane + x2  (35)

and the illuminated area becomes

A ILL = 2[ b/I - (x-K)2/a2 dx + -G2 x2 dx - G2 - x2 dx (36)
T1  '2  Y1

2.6 Effective Antenna Beamwidth

The effective beamwidths for the two-way antenna pattern is used in calcu-

lating the illuminated area. If the sidelobe levels are considered low enough

to be neglected then the one-way antenna pattern may be fit with a Gaussian

function, GS(e), and

GS (O) = Go.exp(-e 2 /260
2) (37)

where:
Go  gain of the antenna

e = angle off axis
0 = constant.



x

Figure 2.6: Shows FilteriParr ally Covering Radar
Beam Resolution Case 111)

Figure 2.7: Shows Filter Contained in Radar
Beam Resolution (Case IV)
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Since at the half-power points, e 8 8/2, the gain is one-half Go, the Gaussian

antenna pattern requires only a knowledge of 8 and can be expressed as5
GS(0) - Goexp(-4-1n2.e2/0 2  (38)

If two antennas with power patterns Gl(6) and G2 (e) are used for transmission and

reception, the product pattern may be expressed as

G12 (0) = G1G2 .exp[(-4.1n2)(8
2 / 1  + 2/a22)] (39)

The gain will be reduced to one-half G1G2 when 8 = 812/2, therefore

812 '/ola8221/(12 + a22) (40)

If the same antenna is used for transmission and reception, then 8 = 0 82 and

8 12 = (41)

In making the calculation of illuminated area it is assumed that all the

power in the antenna pattern is concentrated into a cone with a gain of G0
and a beamwidth of aEFF* The effective beamwidth, 6EFF can be obtained for

any antenna pattern by integrating the volume and then dividing this volume by

the maximum gain. Therefore,

21T W 21T EFI j G(O)sinO d60 A G sinO d~dco (42)

0 0 0 0

which reduces to

BEFF

f exp(-4-1n2*8 /812 sine dG f sine de
0

= I - cos(8EFF/2) (43)

or

8EF - 2cos'l(1 - fI exp(14-1n2.2 /S12 2)sine de

1.201812 (44)

I

4
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3.0 GENERAL DESCRIPTION

* .The radar may be divided into five sub-systems: (1) the power and IF pr',,-

cessing module (PIPM), which consists of a DC/AC converter, DC power supplies,

IF signal-processing circuitry, and the tuning signal generators; (2) the data

acquisition module (DAM), which houses a microprocessor, an A/D converter, a

rapidly responding RMS detector, a frequency counter, an averaging RMS detector,

a digital altitude display and a digital cassette recorder, and the external RF

module (RFM), which houses the microwave componentry; (3) the wide-band parabolic

dish antennae; (4) the antenna support structure and actuator; and (5) the radar

altimeter. Each of these sub-systems is described in more detail. Descriptions

of their functions or operation is in the main body of this report, whereas cir-

cuit board layouts, test procedures, and wiring diagrams are located in the

appendix.

3.1 Description of the Interior Equipment Package

3.1.1 Inverter/Actuator Module

This module consists of a Flitetronics static inverter and actuator control

circuitry. The static inverter converts the aircraft +28 V DC to 115 V AC at

400 Hz. An actuator controls the antenna look angle and requires +12 V DC for

its operation. A dedicated series regulator is used for the DC-AC conversion.

Dual relays allow directional control of the actuator.

3.1.2 DC Power Module

DC voltages are required for system operation. Series regulators convert

the +28 V to +18, +15, +12. Three terminal regulators convert the -18 V to -15,

-12, and -5. The -18 V and -5 V are obtained using AC-DC converters.

3.1.3 FM/IF Module

This module includes the electronic circuitry which produces the tuning sig-

nals which modulate the RF oscillators, circuitry which track target returns,

and IF processing circuitry. Switches which select the mode of operation of

the radar are also located here.

3.1.3.1 Oscillator Tuning Signal Generator

0 The external RF module contains two Yig-tuned oscillators which can cover

the frequency bands from 4-18 GHz. These oscillators are frequency-modulated

using a triangular waveform obtained from a waveform generator whose frequency

can be voltage controlled. The triangle waveform and the output from a digital-
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to-analog converter are summed together to drive the oscillators to a given fre-

quency and then sweep about this frequency. This center frequency may be manually

set using a rotary switch located on the front panel of the data acquisition

module or automatically set by the microprocessor.

3.1.3.2 Range-Tracker

The circuitry used to track the target returns, range tracker, is in its

second generation. The original used in the TRAMAS system is described in

RSL TM 331-19 (4]. Since the intermediate frequency coming out of the mixer is

directly proportional both to the sweep rate and to the time delay associated with

the range to the target, a range-tracker can keep the centroid of the IF response

at a desired frequency by detecting the signal centroid and controlling the sweep

rate. This is done by taking the range-tracker output voltage to the frequency

control port of the triangle generator. A detailed discussion is included in

Appendix F.

3.1.3.3 IF Processor

The mixer IF output is routed through a 35 kHz high-pass filter, an impedance

transformer, an IF amplifier, and then a 50 kHz bandpass filter. The processed

signal is then detected by an averaging true rms voltmeter which is sampled

every 0.5 second and by a fast rms voltmeter which is sampled every 0.5 second.

The bandpass-filter output is also used in locating the frequency centroid of the

target return which is required by the range tracker.

3.1.3.4 Radar-Mode and Sweep-Rate Control Circuitry

This module provides most of the control switches for the various modes of

operation and also the miscellaneous circuits for these purposes.

3.1.3.4.1 Radar Mode

A 2-deck, 5-position rotary switch provides the control voltages to set the

radar into one of 4 modes of operation. The modes of operation are: delay-line

calibration and VV, HH and VH antenna polarizations. The RF switches which are

set by these control voltages are located in the external RF module. A descrip-

tion of these 4 operating modes is found in Section 3.3.

4 3.1.3.4.2 Oscillator Tuning Voltage Sweep Rate

The sweep rate of the oscillator tuning voltage may be controlled using

the manual FM adjust located on this module. If the range-tracker is used, the

sweep rate is adjusted via the range tracker. A reset to a selected sweep rate

is provided in the tracking circuitry. This frequency is set by using the

"track FM adjustment."
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3.1.3.4.3 Sweep Width Select

A three-position slide switch located on the front panel of this module is

used to select the width of the RF frequency sweep. For scatterometry the switch

is set in the RO position. The'other two positions are for use when probing with

radar. They increase the bandwidth over which the oscillators sweep.

3.2 Description of the Data Acquisition Module

In this module the processed target power returns are displayed and detected.

The helicopter altitude and the sweep rate are also displayed. The RF center fre-

quency select switch, the site encoder, the digital cassette recorder, and the

computer reset are located on the front panel of the module. Housed inside the

module is the Intel 8080-based microcomputer.

3.2.1 Fast RMS Detector

The mean square of a signal is obtained by squaring and averaging the squared

instantaneous value over the sampling interval. The root-mean-square is obtained

by taking the square root of the mean-square value. Commercial true root-mean-

square detectors typically employ a square law detector and an RC or op-amp inte-

grator to obtain the average value. These instruments have settling times greater

than 1 sec, making them unsuitable for fast data acquisition. A fast-rms detector

based on two standard settling times of less than 25 m/s was developed to allow

data collection at 0.1 sec intervals. Errors are less than 1% to 2% in the final

readings for input signals in the expected input range from 0.25 mV to 1.5 V.

The outputs from each of the two rms moduies are supplied to an A/D converter also

located in the module. Channel I of the fast rms detector is valid for signals

from 0.25 mV to 25 mV, while Channel 2 is valid for signals from 25 mV to 1.5 V.

3.2.2 A/D Converter

A miniature modular data acquisition system is used to convert the analog

* input signals into the output data which is buffered three-state for interfacing

with the microcomputer. Two channels of fast true-rms, the altitude and the site

encoder are read. The fastest read rate is 50 kHz, the resolution is 12 bits,

and the pin-programmed input range is 0 to +5 V.

• "3.2.3 Microcomputer System

The Intel SBC-80/l0 is a complete single-board computer system. The CPU,

system clock, read/write memory, nonvolatile read-only memory, I/0 ports and

drivers, serial communications interface, bus logic and drivers all reside on the

* board. The central processor is the 8080A which contains 6 8-bit general purpose
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registers and an accumulator. The board contains 1K of random-access-memory and

4K of read-only memory. There are 48 programmable parallel I/0 lines. The mem-

ory and I/O capabilities were expanded by an additional 4K of random-access-memory,

8K of read-only-memory and 48 parallel i/O lines by adding the SBC-104 memory

expansion board.

During data acquisition, the contents of the microcomputer memory are sent

to a digital cassette recorder for permanent storage. The recorder interfaces

to the CPU via one of the bi-directional parallel ports. It is controlled by

software and provides its own error checking during read and write operations.

The data is recorded using phase shift keying at a recording density of 800 bits

per inch. With standard digital cassette tapes this allows over 150 minutes of

data to be recorded per cassette side.

The operator interfaces with the computer using a hand-held pocket terminal.

It is capable of generating and transmitting all 128 ASCII codes. The codes are

sent to the microcomputer as an 8-bit serial stream. A display section consists

of 8 "starburst" LED display characters received from the processor. The terminal

contains an internal 30 character buffer which can be displayed by moving the

8 LED "window" across it. Whenever possible, I/0 was limited to fewer than 8

characters so that the window did not have to be moved.

The microcomputer software was written to acquire a real time data stream

by sampling the various instruments, allow the writing of text records onto the

cassette tape, allow the dumping of the recorded data into various formats, allow

computer control of the RF frequency, provide a test loop to determine if all

devices are being read properly by the computer, allow operator control of the

digital cassette recorder, and provide time tags based on the computer's real time

clock.

3.3 RF Module and Antennae

The RF oscill&tors and the microwave components of the radar are housed in

this module. This module is located directly behind the 24-inch dish antenna.

Rigid coax links the module to the feeds of the antennae and multiconductor and

flexible coax cables link the module to the FM/IF module.

Two antennae are required by this radar which operates in four modes. Three

of the modes control the antenna polarizations for transmission and reception.

For HH-polarization, only the 24-inch dish is used; for VV-polarization the 18-inch
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dish is used alone; if both antennae are used, the polarization is VH. In the

fourth mode the RF signal is sent via flexible coax to the open-circuited delay

line located in the FM/IF module for internal calibration.

3.4 Altimeter

A Bonzer Mini-Mark radar altimeter provides accurate altitude information

from 45 to 1000 feet. It is mounted to the helicopter using the cargo-hook hard

points. A three-conductor cable connects the altimeter to the back panel connec-

tor of the Data Acquisition Module, where a digital panel meter is used as the

indicator for the altimeter. The altimeter output also goes to the A/D converter

for recording.

REFERENCES

[I] Ulaby, F.T., R.K. Moore and A.K. Fung, Microwave Remote Sensing: Active
and Passive. Volume II: Radar Remote Sensing and Surface Scattering
and Emission Theory, Chapter 10. Reading, Massachusetts: Addison-
Wesley Publishing Company, 1982.

[2] Ulaby, F.T., R.K. Moore and A.K. Fung, Microwave Remote Sensing: Active
and Passive. Volume IH: Radar Remote Sensing and Surface Scattering
and Emission Theory, Chapter 7. Reading, Massachusetts: Addison-
Wesley Publishing Company, 1982.

[3] Batlivala, P. and H. Khamsi, "Calculation of Area for FM-CW Radar," Remote
Sensing Laboratory Technical Memorandum 177-41, University of Kansas
Center for Research, Inc., Lawrence, Kansas, 1973.

[4] Milberger, S., "Technical Description of Radar Range Tracker in the TRAMAS,"
Remote Sensing Laboratory Technical Memorandum 331-19, University of
Kansas Center for Research, Inc., Lawrence, Kansas, 1980.

40



-21-

APPEND ICES



* -22-

APP END ICES

A. SPECIFICATIONS .. ............................ 24
Al: Inverter/Actuator Module .. ..................... 25

AlIl: 400 Hz Static Inverter.. .................. 25
Al.2: 12 VDC Actuator. ...................... 25
A].3: Voltage Regulator. ..................... 26

A2: Lambda DC Power Module .. ...................... 27
A3: FM/IF Module. .. .......................... 28

A3-1: IF Amplifier .. .. ..................... 28
A3.2: IF Filters..........................28

A: Data Acquisition Module.......................30
A4.1l: A/D Converter. ....................... 30
A4.2: Microcomputer. ....................... 31
A4.3a: RMS Voltmeters: Boonton. .................. 33
A4.3b: RMS Voltmeters: Analog Devices .. .............. 33
A4.3c: 1/0 Characteristis of True RMS Board .. ........... 34
A4.4: Frequency Counter. ..................... 35
A4.5: Digital Cassette Recorder. ................. 36
A4.6: Pocket Terminal .. ..................... 37
A4.7: Altimeter Panel Meter. ................... 38

A5: RF Module .. ............................ 39
A5.1: Mechanical Switches. .................... 39
A5.2: Mixers. .. ......................... 39
A5-3: Circulators .. ....................... 39
A5.4: Directional Couplers .. ................... 39
A5.5: Isolators .. ........................ 39
A5.6: RF Oscillators. .. ..................... 40

A6: Antennae .. .............................. 45
A7: Altimeter .. ............................ 46

B. WIRING DIAGRAMS. .. ........................... 47
Bl: Inverter/Actuator Module .. ..................... 48

BIJl: Inverter Module. ..................... 48
BJ.2: Actuator Control Section .. ....... .......... 48

B2: DC Power Module .. ......................... 49
B2.1: Power Supply Module. .................... 49
B2.2: Voltage Regulator Board. .................. 49
B2.3: +18 V, +12 V Regulators. .................. 50
B2.4: +15 V, -15, -12, -5 V Regulators .. ............. 50

B3: FM/IF Module. .. .......................... 51
8 3.1: FM/IF Module Signal Path .. ................. 51
B3-2: FM/IF Module Wiring. .................... 52
B3.3a: Ku-X-C-Band FM Board, VCO Section. ............. 53
83.3b: KU-X-C-Band FM Board, Tuning Signal Generator Section . . 53
B3.3c: Ku-X-C-Band FM Board, Layout .. ............... 54
B3.4a: L-Band FM Board, Circuit .. ................. 54
B 3.4b: L-Band FM Board, Layout. .................. 55
133-5: Manual Track FM Select Circuit .. .............. 56
B3.6: RF Sweep Width Control Circuit .. .............. 56
B3-7: Radar Mode Select Rotary Switch. .............. 57
B3.8a: Edge Connector Wiring, F01 Board. .............. 57
B3.8b: Edge Connector Wiring, Tracker Board .. ........... 57

*B3.9a: RF Frequency Display Circuit .. ............... 58
839b: Layout and Display Board .. ................. 59



* -23-

B4: Data Acquisition Module. ...................... 60
84 .1a: Data Acquisition Module. .................. 60
B4.1b: Data Acquisition Module, Layout-Backview .. .. ....... 60
B4.2: Front Panel Connectors .. .................. 61
8 4-3: Back Panel Toggle Switch .. .. ............... 61
84. 4 a: RMS Board, Circuit .. .................... 62
84.4b: RMS Board, Layout. ..................... 62
134.5: Oscillator Frequency Control Circuit .. .. ......... 63
B4.6: Floe Switch D/A Converter. .. ............... 63
B4.7a: A/D Converter Module .. ................... 64
B4.7b: A/D Converter Layout ... .. .. ............... 65
B4.7c: A/C Converter Device Select. .. .............. 66
84.7d: A/D Board Edge Connector 'K'. .. .............. 66
84.8: SBC104 Parallel Ports. ................... 67
B4.9- Panel Meter, Floe Switch Wiring. .. ............ 67
B4.10: TEAC Tape Deck Interface Cabi . .. ............. 68
84.11: Fluke Interface Cable. .. ................. 68
B4.12: Boonton Interface Cable. .................. 69

B5: RF Module. ............................. 69
B5.1: RF Module Wiring Diagram .. .. ............... 70
Table 5.1a: Logic Matrix for the Switch Positions .. .. ...... 71
Table 5.1b: RF Module Wiring List .. ................ 71

B6: Power Supply MulticondUCtor rahl . .. ............... 72
B7: Angle Encoder. ........................... 72
B8: System Blodk Diagram .. ....................... 73

Table B8: System Control Signal Cables. .. ........... 74

C. TWIO-WAY EFFECTIVE BEAMWIDTHS IN DEGREES FOR HELOSCAT SYSTEM .. .. .... 75

D. FM BOARD CALIBRATION. .......................... 94

E. FAST RMS DETECTOR CALIBRATION .. .. ................... 94

F. RANGE TRACKER .. ............................. 95
Fl: System Concept .. .......................... 95
F2: Operation. ....................... ....... 95
F3: Automatic Gain Control. .. ..................... 96
F4: Discriminator................................97
F5: Integrator, Preset an Mappig...............................9
F6: Test Procedures. .......................... 99

F6.1: AGC Selection. ......................... 0
F6.2-. Discriminator Section.....................100
F6.3: Integrator and Mapping Section. .. ............ 100
F6.4: Precautions. ........................ 100

G. ELECTRICAL LOAD ANALYSIS. ........................ 103

H. HELOSCAT SYSTEM WEIGHTS .. ........................ 104

1. STANDARD RADAR TARGETS. ......................... 104

J. HELOSCAT SYSTEM FOOTPRINT SIZES AND INDEPENDENT SAMPLES. .. ....... 106



V.AK

I

APPENDIX A

SPECIFICATIONS

6

I

0

6



25

Al INVERTER/ACTUATOR MODULE

A1.1 400 Hz STATIC INVERTER

Input Voltage: 28 VOC + 2.0 VDC
Input Current: 31 A Full Load and I A No Load
Output Voltage: 115 VAC and 26 VAC
Power Output: 600 VA Continuous
Protection: 88 V Transients on 28 V Line for I ms
Efficiency: 70% at Full Load
Temperature: -550 C to 700 C
Weight: 14.6 lbs.
Size: 8-1/2" W x 12" L x 4-1/16" H

Pins Description
A Output: 26 VAC
B Output: 115 VAC
C Output: Common AC return
D Input: + 28 VDC
E NC
F Chassis Ground Input DC Return
G NC
H NC
I Oscillator Sync.

A1.2 12 VOC ACTUATOR

Manufacturer: Saginaw
Part Number: 5703605
Rated Load: 750 lbs.
Current Draw: 22 A max
Stroke 4 inches
Travel Rate: 1.1 in /sec
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Ai.3 VOLTAGE REGULATOR

DESCRIPTION OUTLINE DRAWING
The LAS 7200 Series of Power Hybrid Voltage Regulators is 9
designed for applications requirng a well regulated output voltage
for loaZ Current variat ions up to 30 amperes. A key Neature Of the
LAS series of Power Hybrid Voltage Regulators is its Construction. ~ .
A high degree ot thermal isolation between In, heat generating
power elements and the heat sensitive control arid reference ale- R
ments is achieved by tne placing of the power section on the heal.
dissipating base of thle unit. and the control stage on the heat-
dissipating upper surface. This thermal isolation resultsmi extremely ~I "
low thermal dnift characteristics for changes in power levels. -s~

ri: --

4. OUTLINE DRAWING, POWER HYBRID
'41111a.~ VOLTAGE REGULATOJRLAS 7000 SERIES

ELECTRICAL CHARACTERISTICS
PARAMETER SYMBOL CONDITION MIN. MAX UNITS
input voltage topinlt) . .............. V'....(l ......................... 7.25...400 ........... volts
Input voltage to pinl(20)- ........ v~, (20).........................12.3...40.0 ........... volwats
Output voltage ..................... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 75...29.4 ........ ... Volts

1 nu-uotdIeeta~ . V.:(I.IVol)......................2.5 .. 28.6 .......... volts
Inuoutput d Itlrntia.............N V.20).Vo ..................... 7.60...28.6 ........ .... vol ts
Otput current ....................... ......... ....................."0.... .. ampsl
Stanaby Current.................... Ill) ...................................... 4010....... .... MA
Standby Current ................... i .1020) ..... ............. ..... ............. 7 0O......... ... itA
Ponar dissipation.....I.. I......... .. Po. . . . . . . . . . Piatelt @251C............ ... 400 ......... ... watts
Thermal resstnceiuncion- CasaI .9,C1..... ...... ............. .......... ... 044 ........ .... *Cwatt
Storage temperature............... . Ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . -55 ... .,125....... ... *
Power trantistor junction temperature . Tj ...... .................. .......... .... 200....... ... *
Rtegulatron Iine4 .................. ............. .............. ... I........ .... 0016..........% w
Regulaon loadI............ ... ......... ...... ............. .. ....... .... 0.2 ......... ... %
Programming resistance ....................... ........ .......... ............. mononrnsi oh"11:10il
Programming voltage ..... -...... ...... .......................... ........... oneon.v41ltvoilt
Temperature coeficient......... ............. .......... ......... .......... .... 0015 .. /
Ripple ttenuation................... ... V.. It) m'niu a0............s

........ o mjjs Umum 60

LA:3 7000 SEZIES
CONNECTION DIAGRAMS

-
0

V57 i~,, - s r Ivoto

r.ft lot

4 * ~sci @ usro

93I

9-PIN POWER HYBRID VOLTAGE C

4 ~REGULATOR ..

DUAL TRACKING POWER HYBRID
VOLTAGE REGULATOR

I ~ ~. NOTES

rZ ® I Mivuo -ol -I r I.-~ ab.c,,ar, Cl CI i itM4 }. - d~rmv,,~sO v Cl C3 -lox (000 mid /8ll'0)mm~rs
"j 2. mi-i. 0v, Ol iof utucaciomvC2#. CAIsdtrle

yC2. CA - 00i 100 nild/emo

dertrmevl 0 RI h3 * i.25vo 0 0 t/Iri ohms
w6-0t*..Oitt -0w A.,vt ",u1151 lld Vulus.

5. Value, 01r~tv n~rc uor -ore, ......s.. li d
POSITIVE POWER HYBRID VOLTAGE Rd 0 fori wo" d we9 afle'-ee b,
REGULATOR CIRCUIT 6l A2 * iCOlV, - .401-- ,rw 1n%.W htiv.n

bi P4 2 4nl orim , 1% "Ar Wn
4 6 RCI.l,#0,Ca? m8 CA? 00.1dn SW slea alp"o. riwo.



A2 LAMBDA DC POWER SUPPLY MODULE

Model: LOS-x-5 LOS- -20Voltage 5 +5% V 20 +5% VCurrent: 9.0 A max 3.87A maxRegulation: 
.1I5%

Ripple: 1.5 mV r.!s
Noise: 5m -
Temp. Coef.: .03 mV C-
AC Input: 105-125 VAC at 47 -440 HzInput Power: 160 WattsUOperating Temp.: 00 C to 6oo c

Overvol tage Protectors
Model: L-12-OV-5 L-6-OV-20Trip Voltage: 6.6 + .2 V 22.8 + .7 VCurrent: 12 A7 6 A

q~f5 e: ~ C-3

'so. OOOIO 9"48c ~ '

01i
'Pn a (ht a Of hAS ;:PLc..~. 

u.,SCC A 00 e U u .J 5 Au S S C u ft *
1 

C , ' S A ~ l 8 0 a 5 A u . t _ _ _ _ _ _ _ _ _ _ _ _ _

C .ev IO AC! e ODSr

uo tATA....I 1W.." ~ .utn Aw...c t%3,S .1d

b4u.O..uusupu.ta

L0 O ~ Ic"'' 4C,_, 7 V

LOSN.20~TU £Odc 0Od I .1
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A3. FM/IF Module

A3.I IF Amplifier

Model: HP 465A

Freq: 5 Hz to 1 MHz

Output: > 10 volts rms open circuit; > 5 volts rms into 50 ohms
(+ 2 W).

Impedance: 10 M ohm shunted by < 20 pF

Output Impedence: 50 Q

Power: 115 or 230 V; 50 to 400 Hz; 10 watts

A3.2 IF Filters

Manufacturer High Pass Band Pass

Allen Avionics F503 F504

Cut-off frequencies (fc)
3 dB max: 35 kHz 43.4 kHz, 56.8 kHz

Impedance range 50Q in; 10 K0 out 50 in; 50S out

Maximum ripple 1 dB I dB

Maximum insertion loss 2 dB 2 dB

0
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A DATA ACQUISITION MODULE

A4.1 DATEL MDAS-16 A/D CONVERTER

ANALOG INPUTS DIGITAL INPUTS
Nutytag ofChanel l6Single Ended IMOASIS 1 nal S.0317 Throlisaparsto indwsws~cm naool
Nuenba DiCfftterernal IMDAS.80l tiIsto oulbutsi tf biOt byte$

Input Volitage16"o ReV..t,..O I TTL load
unspolor................O0 uVto MumV AddresslIn 3 btt IMOAS-80ol A £bit
bipolar... ........... 2.SV. ISV. ZIOV IMOAS -16) binary addores

Comn-on Modo Range. mmi &IOV IL___ oa
Max. Input Voltage. grove I LS fl'L loadwihIOPulp

no damae ... *I SV restitor
Input Impollence ... 1tOO megonma AID Trigger I LS ITTL load .. n I OK pull -o
Input Blie. Current 3lA .lla, man 0 to 700C ___resistor
Input. capacitorsce A/D Trigger I LS TTL Load

OFF channel ... .. O 0pF Mum Enable 1 iTL load with lts p ull up
ON channel 1OOpF resitSor

Count Enable I L.S iTT. load withI 1K pull-uo
resistor

Loa CnbleI LS iTT, load .,trtl IOK oull-uo

___________ esslor~iea enale 1LS ITt. toad .ats IOK oull up
ACCURACY rslot
Resolution 128-15 NOSS Iny I rTt. load
Error. nMeA 50mHt BaMPl-ng t 025% of FSR Short Cycle I rTt. load mwtts I0K Pullu.p
Nonlinearity. mat ova, t.S8 reC1,11or
Dill Nonltneaorty. Prma. . 1% LSS
Gain Error . .. Adi to Zero
Offset Error Adp to 100PWReroRMN ISD 0SV- Sn
Tamnp. Coitif of Gain.. max. t3Ooom/*C POE EQIEEN 5IVOC t05V,& 60r-A
Temp. CoelI. ot Otffset, max z7ppm/ *C 0f FS I SvOC :0 25v C. 60mlA
Di". Linearity Tempoco. meax t3ppm'*C of FSSC: 5 20 A
Common Mode Raise.. min. 70 di at 1 kHz
Manotonsciviy 0-C to 70*C
Power Supply Regection . 01%/% Supply PHYSICAL ENVIRONMENTAL

Operaunq Temp Range C-C to 70C
Storage Terp..atrsa Range .15 C to -85-'

____________________________________ Package Size 4 6 - 2 5S 0 375 .rcnes;
1166 8 635 .9 5 -,

t. .Package Type Steelt red on 5 sidas
DYNAMIC CHARACTERISTICS Weigh~t 601 070 g
Throughput R ate. man So kHz _______________________

Acquistiton Time, Bysac
Conversion Time 14 psec. NTS l ,us.0V. s- VVu 24Aperture Time. max 100 rtsec. NO 2S All noutsl wet Yin 1 0 tl04V VmuI I I tA-2 CuISample. 'old Droop. Ma- 200ujV/tesoc2AtfotatVl 01-CVV.I1 *2V
Foodthrough. max. 01% ________________________

Chanel rossalkI~u..I 006 l 11HZORDERING INFORMATION

Price 1191 (l0O's)
MOASiS................£S295.00 S19500

DIGITAL OUTPUTS MDASCO............ .. 5S295.00 SISS 00
Parallel Dals Out 12 parallel Itts of b~uffered it. Thete modulesi are also available tn extended tremperature

slate 0.uted data
Doies 12 iTT. toads range verstons designated with thr suffix EX l-25'C to

Coding Sttagttyat oflti arty andO * 85 *C
1 

or EXX HS I-55SC to 85'CI .in herrmetically
lines comploement sealed semiconductor comnoonerltt Contact factory

Serial out Output data in MISS IttSt NRZ fpie&odlvr
formal S tta-gltt ansd offset I top~eaddtor
binaty coding Included ith each module is a mating rtgmitangle
Oues, 5 rTt. tnadS 720,.. connnco JAMP 3.86063-21 Adtional con.

Mutt Address Out Suffered output 0: address I etr may also be crdered by lye follomtng number:
register
Drives 20 iTt. loads 58-2082010 Connector SlOC0eacrt.

Delay Out CroeS 5 rTt. toads1 Trtmming Potenltometers TP 20K S3.00 each
Clock Out Drives 5 ITt. loads
meClstatusl Drives 4 rTt. loads Multiplexer enoander modules ate also avaitable.
MSO Ostt Drives 5 IlL toads The MOXP 32 adds 32 stogle rnded or 16 d-Ilereriltal
NMU out Drives 5 TTL loads channels witth control logtc Price ts S199,00

The MOXP 32 1 $identical bat witthout control logtc.
Price isS179 00

PIN CONNECTIONS for MDAS-16 r;N CONNECTIONS for MDAS-80

Too Coton Top ontem
*I VOC ITI a I vOC I 5V0C ITI Is *ISVDC
Amatrg Gio 2T 29 Alateg God Aflateg Gee 2T 26 Anatung OttO

CO ̂ t 3T 3 CsSnC ttn3T 35 CA 0OLo in
ChttA 41 45 Co 9te CA It" A T RB CA IOLoIn
Cs Zt. ST 1.a Co l CA 2t.I~n ST S: Co 2 ~Ln:
Cs 31A CT Go 5" " n Cs 3Ht n CT GC CA 3 L.ln
CAt dn 77 75 Co 1210 Ch 4Ct.tn 7T 7: Ch 4Loo :
CA St ST aV CA 131. Cs StItn CT I Co SLa
Ch t.. IT S Cr lA Cs Col HT In5 CA LtotIn
Ch lIn lOT l0B C, 15 le Ch 7t4.l In OT log Co 7 L. n
Amotlet, tn 11t1 11: Am0tter te 1. Cetpitd- Irr 11, 115 -01t1-1r In L.
RA ge I Setent 1I OT 12 Rang 2 Select Rangeq I Setea~t 121 i2a eas.Ag 2 Setect
Sarole Hld Out 1 3T I 38 A,wiler Out Sante Mold 0.t 1 3T 139 A-0-tt- Out
lease l~ B.4 OutI ItT 14C Sue! Oune tsmota' t I EP..q Itt 1.4 -ut t,,1 1T tAB Sum, Juoc BottC" I
Stouter ':~tt I I I leant tS.8. 0.1 Cultm Coolrfs., ISO 1tS robte .5. s 8 0.u.t
E.1 01%.t Adtt II tI ': fit, G.n Atltos LtOt11", alust IT 1CC E.t Gas Adu$t

les. t,9 12, 171 t 76 Mu- late~t EIan St.1 9.t2 Outt 1I rt 17 Mut Enabte
S.. Out 1S S Counast, S.-a Ou t IS O 8 Count leaos
tu 0. , t9T 196 a Au I Out, 19 T I98S in5 Mu
.0Out 201 20: 4~ Out 20T 20S A I
2Oot.:l1 21 2t ZOututo': 210 21s 2n
t0u 221 22 I 0t.. * 221 228 In

7a.ut 231 236 VS8 Out .111, Offt.., Out 23T 236 MSI0. (I-LT
O.t;s tL 2 4T 246 -,a E M I ilt 2.T 248 7.---o
S."". 251 25C I.nt l'toe S."tt. 25T 25C ta

A 0 2 n 27T 276 ECsas A D '.-99e, 271 27C .. Cats

;~~o, tu86 265 S'O Out St itt:21 101 7O i.
- . S. Z5 9 I'll. rt tC, T/C 29 : 296 Ct

tItn"' 201 309 , ItCut S,t230tw 300 206 0 40,
)I,.t, I 't et 

9
.- u 4 R5 iTh ' 31T 31rg S6 Out

o .. 30 329 St 82 0.' .55 , t Out 32T1 32C e t9 Out ,O

to'" "ue '' 0 ~l.e 09't, 3ST 116 0,:t:e

)7'2C 366 - tuOC -SVOC 361 368 -suoc

Ctspy available to DWI does not
p.-ranit fully legikJp Tepro~duction,.
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A4.2 Microcomputer

SBC-80/10 SPECIFICATIONS

DC POWER REQUIREMENTS

The DC power requirements are given in the table below.

V V+ 5 =4.OA max. Ic =2.9A
VDD = +12V + 54 I = O..40A max. IDD = 140mA

V = -5V +5 :0 a
BB = 5 I =02Amax IBB = 2mA

VAA = -12V + 5% IAA 0.175 mx. TAA - 175mA

Notes: i. The values assume that lour 8708 PROM's are
present and that ten optional 220/330 12 ter-
mination networks being driven low
have been installed in the Parallel I/0

Interface.

B These values assume that the 8708 pROM's and
optional termination netvorks are rot present.

Present system includes one 2708 EPROM and no optional
terminating; therefore the power requirement would be
close to case P above.

ENVIRONMENT

Temperature extremes can cause instability, or result in permanent

4 damage to the circuits on the module. Ambient temperature must, therefore,

be maintained within the limits of 0* C to 550 C. Exercise caution in

locating the module, giving particular attention to radiant and conducive

sources of heat. Remember that the module itself, when installed, will

contribute some heat to the environment. Maintain an adequate clearance to

permit the convective dissipation of heat from the elements on the card.

Relative humidity should not exceed 90%, non-condensing.I

4l
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SPECIFICATIONS CONNECTORS1

MMR OR SIGInterlace (.s Melons Cennectier
ROW4EPAOM: [... . * s ~ r

AK or OKtorlwnisanig t nuy .. Otc bse &ctre,1 on Bus - 86 0.156 CDC VPBOIEll3AOOA I
AK( hu bounsdary Rotor to paragraphl 2-10 tor turther details. Parallel 10 so 0.1 TO M31212S

Note: All EPROMIROM addresses muist evirc ins theo range of 6'500o

0000H4 t0 7FFF.Wo at 900 to SerH 5al 1/0 0.1 3M 3A 2000 or

RAW 
. T 3121

6K.5 K f K segments 5Iafltn at ay prrfoer-sanaclbil base address attier 6GT 3 o IIE-155 arast

an a 4K y boundry cei arS01414 are 6uOWmdIC05mg11 16 3 _. AM% P553459 O

No ase addresses 7000H. and F000"4 not allowed tocr to CD, a tOInfo E 040549619.

108 Base addresses 500044 - 7000H. aria D00H PH4YSICAL CH4ARACTERISTICS

P00044 not altow0 tot sac Iit. Width 12 00 in. A30 4S Orml Doown 010n 127cm
Haight. 16.7S~n.1117.l54mI Weight 14o at2197.3 9mi

MEPAORY RESPONSE TIME ELECTRICAL CHARACTERISTICS'

Memory jAge*= m il Cycle Irsi A-ag AODC Current

RAM 57S mla- 675 max' eie...es, .wsr0G5cor -241-w "'.1

EPROMIROM 4i5 hna 685 ma. *r 5.ccl55. 1. 5-. 51*.

ouot Refresh. lnterruot~orln5~~ --. -0

1ADDORESSING Noles: 1, All current irelues grento r#ee "lue RAM Dower

82I 92 2. 0oes not nciwdc poweer reaured I0r otional EPROM.

321 SS USAPkT vs.RT 1 1/0 drees. and 1/0 terminators.
Pon 1rto C3se is5es1.01 Control f3. WI" th o.r 8708 EPROM% end egrnt 220fl1330.l Input

- I I I Co, IrIt m.ators onstallect all vvrm.nator novjis ow,

Addrss X XSXe X XIIXA 7 X XC D 4 With taur Iist 2716 EPROMs arnd eight 220fl/330fl

Net.. X is an, o ell 1119rov tsno y hiornoe $*$acison Input "Imndos ntaled. lit terminator inputs lo..

1/0 TRANSFER RATE 5. RAM Chips anot RAM controil ogic todwered vre Aux.'.

Parallel Redo rr ycetO70~,ry $lower evil.

Ser.al (USARTI AUXILIARY POWER
___________________ An Ausltart, PowerBu Is p rovided to allow scsto: power is

sauw Rate Imll ~ RAM for systems reduwr-tt Wittyr backuc 0f readlowtrt mem.

Freosrancy (tha4l Snrnos Asytcrronout ory SelcOr of si, Au.sstqp RAM Power Bus is made .. 4

Owumovr Seloectablel Prnhrnos gr9am S.l.ctabil Jumpe~rs on the. board.

- 16 -GA4 MEMORY PROTECT

153 6 -- 9600 2400 An act,ve~iow TTL compatible MEMORY PROTECT signal %

76 8 -- 4800 1200 brought Out an th Auxnliry connector which, whomn assersed.
38 4 39400 2400 600 aisactie Pead/WrIte acces; so RAM memory on thre board This

19.2 t9200 1200 300 Input is cotciided lo, the wrftictoo, 04 RAM Conloents outing

9.6 96500 S00 ISO System 00wer-ddwtt stalienCes.
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A4.3 RMS VOLTMETERS

(a) Boonton
The Boonton has "AUTORANGING" capability; i.e., it automatically selects

correct range for the voltage applied to the input connector (within the voltage

and frequency limits).

Range: 300-V to 300 mV;+50 dBm to -70 dBm

Bandwidth: 10 Hz to 20 MHz; 10 Hz to 100 kHz

dBm accuracy(range
= +50 - -60 dBm) (50 Hz to 100 kHz) - .2 dB

Stability: 115 V t 10%; 50 Hz to 400 Hz; 2 min warmup;

00 to 500 C

Response: Crest Factor -6 at full scale; Waveform
complex + random

Response Time: Fast - 1 to 2 secs; Slow - 4 to 6 secs

(b) Analog Devices TRMS-to-DC Converter (442J)

T0004 1 033 4110% 3OUTLINE DIMENSIONS
T0,r ., fts P 4010' 3.ns 3 , ' ,

3
. omven.... .gma . 430¢00.043d .. ).

'CCL R.ICV 

.

S-* I. . oll... 1 I. 0H,

op. Rp .. ..o ' 30mV 0 o% a R -

£ .I.,, . 0~,,I.C, :0.v3'I,,1.

o 01, of Rd, .C tool% of Rd 'C !0 01.1 Rig, C

0 ...... .O..... ±0StS00% 4 °i O

iAQ IC -EVOSI 5 1 1iE II .

Id,3 %0R Rd. E-,-

80, R:90 % .

0 0 30" I.±ka. W..t9hi! 40 9ia

-. 01 fOdgg E -1 3 MCT I G SO C K T A C 1 01g6
0

000I. 'C O'S.'PRICE (1-9) $5.00
00 .11 lok,

T. . ...... 5

8PU T 4 SPEC IFIC NT G 1% S•

votl 'ig Wiri W ng COnnfetions For
life n~l~l2%'tRUS Mossuranerint (No Extrinnal

3.pc~~ IV,, ±4

PRI. (.9 SS.00Z

0-I,9ur 2 o0r,ons Ew

3St3,.sP." for. R,,. C..nu.,,, I 333,

0*a'..,. . ,

30-

StFlea S0,,.#" tT ' - -4 n -' p

VoSioq F •gir

m•mo.,..Ii34fl I,.I - "

01 ,p-. 50i1IFI43irHO,,'
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(c) I/0 Characteristics of True RMS Board

5000. 0

.7 7,

3500

- 3000. 00

P-- 500. 0

[ >

2 2000.04 7I" "" _ 1500.0:

1000.

500.0

2. . 0
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0

INPUT VOLTAGE (mV)

INPUT vs OUTPUT VOLTAGE FOR CHANNEL I AT 50o lF

3500.0--

3150.0[

2800.0--

2450 .0 "

1750.0"

!" . 00.0€C

o 1050.0f-

700.0k

350.0
01It ./ 1
0. II ,L:I I I I I I L , ii ,i,nZ I i i , I .

0.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0 !000.0

INPUT VOLTAGE (mV)

INPUT vs OUTPUT VOLTAGE FOR CHANNEL 2 AT -
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A4.4 FLUKE FREQUENCY COUNTER

OPERATING RANGES TIME BASE CHARACTERISTICS

Frequency: Frequency: 10MHz
5 Hz to 80MNIHz

Period: Stability:
5 Hz to 1 fVHz single and multiple period averages Aging Rate: < t5 X 10*1 monthe

Totalize: Short Term: <±!S X 10's over I second
1 count to 999999 cont Temperature: <±5S X I a- 0%C to 50-CK< -±2 X 10" (typical) 20tC to 30-C

INPUT CHARACTERI1ST ICS Line Variation:
Sensitivity: <±1l X 10' for +±10% variation in line voltage

25 mV, typically 15 my :ms sine wave, 5 Hz to GENERAL
80 MHz Oaly
Frequency and totalize: 200 my P-P pulse amols- Di tlay edigzrosPreso

tude with minimum pulse width of 20 nsec. Duty Time between successive measurements is 200 ms
cycle > 10%. plus measurement time
Period: 200 mV PmP puise amplitude with minimum Annunciation!
pulse width of 200 nsec. Duty cycle> 10%. NMHz, kHz. msec, Wsa overflow

Impedance: Automatic Features:
I Mfl) shunted by lets than 30 pf for signal levels < 500 AUTORANGE:
mV decreasing to approx. 220K shunted by less than 40 In both frequency and period mode%. autorstangn
pf for levels greater than 500 mV.inldsauiu20hstrisnitswcig

Filter:inldsauiu20hytrssnitSwcig
1 M~ (3B pint)lowassthresholds, to eliminate redundant up range/aown

Attenuator: nt)lowas range commands This allows measurements to be
Dtecutreae trie~yby10mde on sgnals containing large amounts of I'M

Oera: enr y1 and PM.m
25Vrm H o ezdcrain o 0 a 0 : Hysteresis memory can be reset by depressing she

250Vms Hzto k~ dereasng o 2V a 80M~z reset button.
RESOLUTION AUTGRST:
Frequency: A new measurement sequence is started every time

Four manuaily selected gate times of: a front Panel button is activated.
l~ins (100 Hr resolution) Operating Temnp: O1C so -50'C l0'C to ,40"C for .01

lO0ms 1 10 Hz resolution) Battery option if operated from line.
Is I Hz resolution) Storage Temp: -40' to .60:C

l10s 0.1 Hz resoiution) Power Requirements:

Autorange position will automatically seek to fil! all 115.230 VAC ±1~0 - 100 VAC a~tadable -.50. 60.
400 Hz -6.5 watts line model -8.5 vatts battery model6 digits but %vill not select a gate time greater than 1 Fuses: - - -second I1 Hz resolution) 1/4A AC-line version./ A slo-blo battery version

Period: DIMENSIONS
V-anuai selection of single period through 103 periods Wit: 85inhs272 ,
averagec ret-Os: Height: 2 52 noches 64.0 r-

10" single- nerod 1100 ris resolution) Depth: 10.65 riches 270 5 rr,
10' rerrods averaged 110 nis resolution) Weighs: 2.75 !bt 1.2 K9
: 0: oerodS averaged (I1 eotttlutioni DATA OUTPUT OPTION

4 t ;ridtavra~ 10 osreoltin)8-4-2 1 BCD o;tput frm eace to t Plus e'-coie re :Lcal
Aror.jngit otsvoo -I. automatically seek to fill all Point and u iit runc Si-ori rro-,ttor, All o'::ts

n-st Auoi na-g %vi not seloect a period averatie CMOS Lo,, power TTL 'o-natu~o Mth tue Pf -T

*gr-etesr :0.3m 10' veraoes. command-s, ro~o(tkd

l'otahznq BATTERY

A cciim :ri:es ..u to 90900 co-a-itt then act-va~io nver. NICAD -ccn,zaviol, d-e -e 5 "0.r ~q
- ~ ~ ~ ~ 1 1i. .d00,r~i-Os . 30-C arrb-ent v th rr~t -rperat-,e
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A4.5 DIGITAL CASSETTE RECORDER

DATA FORMAT:

Data format complies with ISO-3407, ECHA-34, JIS-C6281 and other similar

standards.
Recording Format: Phase Encoding
Recording Density: 800 bpi (32 bits/mm, nominal)

Number of Tracks: Single Track

MECHANIrAL CONSTRUCTION:

Tape Urive System: D.C. Motor Direct Reel Drive System
Tan peed Detection System: Encoder Detection

Cassette Insertion: Pocket Holder type
Cassette EjecL .'echanism: Manual Ejection by depressing EJECT Button
BOT/EOT & Clear Leader

Detector: Photoelectric Detector

Magnetic Head: Single Track, Single Gap Read/Write Head

POWER REQUIREMENTS:

Average Current Maximum Current Permanent Ripple

Coi'sumption Consumption Voltaoe
D.C.+I2V'5 ' 1.0 A J.8 A' Less tnan IOOmVD-D

D.C.+ 5V=54 0.7 A 0.75A* Less than IOOmVD'-

Except for surge current at power-on.

GROUND ISOLATION:

Insulation resistance between

OV power supply and frame
ground 5 Meg Ohms or more, at 150V D.C.

ENVIRONMENTAL CONDITIONS:

Temperature range operating +5'C - 40* C; storage -15C to +60* C

Relative Humidity Range (non-condensing): operating 20% to 80',;
storage IO to 90%

Vibration (operatiig): Less than O.SG (less than 120 Hz)
Impact: Less than 40G(less than 30 msec)
Continuous: Less than 3G

OPERATIONAL CHARACTERISTICS:

Tape Speed (Slow): 15 isp (38.1 cm/s) + 34

(Fast): 45 ips (114.3 cm/s)-+ 41
IBG: 0.97 + 0.24 inch (24764 + 6.10 mm)
Erased Length 2.19 + 0.27 inch (55.63 7 6.86 mm)

Initial Gap: 2.26 0 0.40 inch (57.40 7 10.16 mn)
Readable IBG Length 0.7 inch (17.78 mm) or m-ore

Required tape ;ength for
Long IBG detection 15.0 - 22.2 inch (381.0 - 563.9 mm)

Start distance for HIGH SPEED SEARCH: 2.4 inch (60.96 mm) or less

Stop distance for HIGH SPEED
SEARCH: 1.9 inch 48.26 m) or less

Nominal Data Transfer Rate: 12 k bits/sec
Recording Density 800 boi + 4
Threshold Level fat reference

read level) (LOW): 18 * 3"
(HIGH): 40 + 5.

I1
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A4.6 POCKET ASCII TERMINAL

Specification

Memory: last 30 characters received

Characters simultaneously displayed: 8 (7 at left home and right home positions)

Character set displayable: 64 ASCII characters and symbols

Format ion: 16 segment "starburst"

Number of keys: 40

Transmittable codes: 128

Code transmitted: 8-bit ASCII (framed by I start bit, I or 2
stop bits)

! Compatibility: RS232 standard (20 mA loop to order)

Size: 6 in x 3 in x 1.4 in

Weight: 0.5 lb

Power supply: 5 V single rail at 400 mA typical

POWER

The Terminal requires a regulated power supply at +SV :t 5 percent. The RS232JC version

tyoically requires 45OmA, and the 2OmA loop version 400mA.

Pocket Terminal v24/RS232C- User Equipment
-. . .- r P-

+12V----: DC/DC i Brown % F --

12V Converter 4j. , 5  rnA
1/28T151 ,",

DATA2en !1,7 _

I V Pink , DATA

White REQUEST

41V -TO SEND
/2 8T15TERM.

0Gray 2 READY

-OVI 7

Fig.la. RS232CTYPE CONNECTIONS
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A4.7 ALTIMETER PANEL METER

* ~~AN257O

T' - tj±29 ont-
- - Full Perforifian e,' Cost

- ~-~f-DIGITAL PANEL- INSTRUMET

Rear View - Bezel J1 PIN DESIGNATIONS
NtShown for

Clarity 
ai.oIp t A I Sg aIN( 'A. Standard Raiznu n N(4I

Card- Eage Analog Ground B 2 Signal Return ()

Connector Decimal Point I C 3 Decimal Point 2
(Solderable) I Decimal Point 3 0 4 EOC/HOLD

Analogic Part No.s AJ A-- -- ----- S BCDO(2P F 6 BCDO(4)
15-300004P (For plastic case) BCD(20)- H 6 BCD 11)-
15.300004mn (For metal case) BCD(20)* J 7 BCD 140)'

a. Optional BCD (2001 *K 9 BCD (1001*
BCD (800)* L 10 BCD (400)*Screw-Terminal e i PRINT* M 11 DISPLAY TEST

(Solderless) ft~saao BLANK/OVERRANGE N12 CD(0)
Ana695i Part9;N; -5.1 VDC Output P 13 POLARITY

PL10535-I-Digital GroundlT R 14 +5V T

PL1-53 042 025- AC Power IN't S 15 AC Power or

r. Rar anelConectrs 10 7uiu 
46

4~iiui+8 to +28VDC INT;

P.___Rear ____Panel_____Connector$_______?POWER 
CONNECTIONS

All" CO"EICTO4 J1
i4OtCDIMSI) +SVDC Pin 14 for +5VDC.

- Pin R for Power Return
'EllilIQ 1i + to +28VDC Pin 15 for +8 to +28VOC,

-~ Pin R for Power Return

11iOVAC Pins S and 15
*1CO 0 ON 220VAC Pins S and 15

SDECIMAL POINT Todslyteesfc
* *.!~~~' . k~~ \ - SELECTION T  ipa h eie

.c~ decimal oint, simplyv
.0CSE p 1- PLTC~S connect the aporoor-

- ..- ~i ~ .~ DtalGroundo (Pn R.
__ '*~--- - 1 Using a IUMoe, lead.

.... SCAL AWVS7
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A5 RF MODULE

A5.1 MECHANICAL SWITCHES

Microwave Associates - Model 7530 PMO

Frequency (GHz) Insertion Loss (d~s) Isolation d~s VSWR

4.0 0.2 80 1.20

8.0 0.3 70 1.25
12.4 0.4 65 1.4

18.o 0.5 60 1.5

Operating voltage: 20 to 30 VOC; Pull-in 20 V; Drop-out = 2 V

Coil resistance: 158 to 192 ohms

Hewlett Packard - Model 33311 B

Frequency (GHz) Insertion Loss (d~s) Isolation d~s VSWR

0C-2 0.25 90 1.15

2-18 0.5 90 1.4

Operating voltage: 20 to 30 V
Switching current: 120 mA at 24 V

A5.2 MIXERS

RHG Model DMI-18B; Serial d16-661-1

Frequency (GHz) Noise Fioure (d3) Lo to Rf Isolation (dB)

1 9 20
12 10 20

18 10 > 20

WJ Model WJ-M 14

Frequency: 4 to 8 GHz
SSB Conversion Loss: 8.0 d8 max
SSB Noise Figure: 8.0 d8 max
Isolation: > 20 dB
Insertion Loss: 2 dB

A5.3 CIRCULATORS

Western Microwave Model 3JC-8019 Model 3JC-4081

Frequency Range (GHz): 8-18 4-8
Insertion Loss (dB): < .8 < .4

Isolation (d8): > 15 21
VSWR < 1.6 < 1.2

A5.4 DIRECTIONAL COUPLERS

NARDA Model 4244 Model 4246

Frequency Range (GHz): 2-8 6.5-18

Couoling: 10 .6
Directivity (dB): 18 17

VSWR: 1.4 1.40
Insertion Loss: 1.00 0.8

A5.5 ISOLATORS

Western Microwave Model 2JC-401 model 2JC-818

Insertion Loss (dB): .4 .8

Isolation (d8): 23 1.3

VSWR: 1.25 1.4
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A5.6 RF OSCILLATORS: OPERATING INSTRUCTIONS AND SPECIFICATIONS

Installation

Bias voltage should be within ± 0.2 volts of the correct value to obtain
A: specified operation. At 2 or 3 volts above the correct value the Zener

diode, placed in the bias circuit to provide protection, will begin to draw
excess current.

CAUTION: If the bias current exceeds the maximum bias current shown on the
data sheet by as much as 50 milliamperes, the protective Zener will
be endangered. For GaAs oscillators, a current peak up to 200 mA
higher than the value recorded on the data sheet may be observed
at low (-2 to -4V dc) negative bias levels, however.

If excess current is drawn, check for high bias voltage or reversed
bias polarity.

-' Heaters

Heaters are often included in the oscillator to minimize such temperature
effects as frequency drift and power output variation. These heaters are
self-regulating and may be operated from an unregulated voltage within the
range of 22 to 30 volts. Transients of up to 80 volts in accordance with
Figure 6 of MIL-STD-704-A will not normally damage the heater.

Mounting

The oscillator may be mounted in any orientation. The unit (particularly
units that tune above 4 GHz) should be mounted to a smooth heat sink capable
of dissipating up to 10 watts without raising the temperature at the base of
the unit adjacent to the heat sink above the specified operating temperature
range. (Use of heat sink compound (e.g., Dow Corning 340) is recommended on
mounting surface).

YIG-TUNED GaAs OSCILLATOR

Type No.: 5157-300D Serial No.: 1027 (ER)

Operating Conditions:
Heater Voltage: +28.0 Vdc Current: 180 mA at -540 C
Bias Voltage: ±18.00 Vdc Current: 1050/500 mA

Test Data:

Tuning Calculated
Vdc Frequency A Frequency (MHz) Power Output (mw)

(GHz) +250 C +250 C
0 8.00 0 30
1 9.00 -10 58
2 10.00 -13 62

4 3 11.00 -10 68
4 12.00 - 6 64
5 13.00 - 3 46
6 14.00 - 2 49

7 15.00 + I 41
8 16.00 + 2 29
9 17.00 + 1 21
10 18.00 -3 19

Hysteresis: II MHz

6

, " m N u u --
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YIG-TUNED GaAs OSCILLATOR
Type No: 5157-300 DF Serial No: 1092

Operating Conditions:
Heater Voltage: +28.0 Vdc Current: 170 mA
Bias Voltage: +18.00 Vdc Current: 500 mA

Test Data:

Calculated
Tuning Frequency A Frequency (MHz) Power Output (mw)N Vdc (GHz) +250 C +250 C0 8.00 0 24.0
I 9.00 + I 38.02 10.00 + 9 38.0
3 11.00 + 7 54.04 12.00 + 9 54.05 13.00 +13 44.06 14.00 + 9 48.0
7 15.00 +16 35.08 16.00 +10 31.0
9 17.00 + 5 28.0
10 18.00 0 19.0

Hysteresis: 8.0 MHz

4 3 2

-6 R C0660C TOO m~~ o*

l'.62600 6567 AT

.0Q..( . .I E

a0 3Z0 UN,6 I0s0) 501~ 0.OFMC.
'4.010. Sf-i NOTESor EfO*C(SR'

00670'. * . , PLCE SEE'~66 -01E E ~ t .ETf flS00j

I O,

A 2.5.E *.) 540%S"6 BLUE66 P Cm PEON16 CEOO. 59 01 COLC .1O

N-T PAN 810 MOUNTING SURFAC

t )'. .O;' .'. AMwor 06007

G 40 T -27 T FIETO PENTN SURFACE

Si&. & R qr A , t Nom PE 'r &G o TI, OSCILLATOR

2 I G..%[ WATKINS. JOHNSON COMPANY

4 AS,' , ,,., ,_'T__ } , . z , YIG TUNED

...04 295384 C
. ,14482C

r6



42

* - AT -54.0 DEGREES CENTIGRADE
.... AT 25.0 DEGREES CEN~TIGRAD3E
---- AT 71.0 DEGREES CENTIGRADE

1oo00. __________________________________

90.0

0.-

1-0.0-

0570.0-

100.0

30.0

B.0 9.0 10.0 11.0 12.0 13.0 14,0 15.0 18.0 07.0 18.0

FREQUENCY (GHZ)

POWER DUTPUT,YIG-OSCILLATOA MODEL# 5157-30ODF

o - AT -54.0 0EGREES CENTIGRADE
.... AT 25.0 DEGRFES CENTIGHA ;E
---- AT 71.0 DEGREES CENTIGRAOE

100.0

90.0-

eo-o

80. 0

6 0. 0

4 20.0-

10.0-

8.0 9.0 10.0 11.0 12.0 13.0 14.0 15 0 16.0 17.0 18 0

4 FREQUENCY (GHZ)

POWER OUTPUT. YIG-OSCILLATOR MODE1.0 5157-3000
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VIG-TUNED TRANSISTOR OSCILLATOR

Type No.: 6708-304F Serial No.: 1094 (Catalog Item)

Operating Conditions:
Heater Voltage: 28 Vdc Current: 26 mA
Transistor Voltage: +15 Vdc; -15 Vdc Current: 643 mA; 44 mA

Tuning Calculated
Voltage Frequency Frequency Deviation (MlHz) Power Output (mw)
(V) (GHz) 250 C 250 C
0 2.0 0 35

12.6 -. 8 53
2 3.2 - 3 46
3 3.8 +1.4 60
4 4.4 +2.1 73
5 5.0 +4.8 40
6 5.6 +7.2 55
7 6.2 +7.1 54
8 6.8 +9.0 50
9 7.4 +9.5 54
10 8.0 - .2 65

IDrift: 7.7 MHz (max) Hysteresis: 8 MHz

R _4r

sell~ to

C .

4.P3,I3fP0VOPO~.Cqea~ IO

~~~~~~l OUT" ..- ~ SILAO
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o AT -54.0 DEGREES CENTIGRADE
m*... AT 25.0 DEGREES CENlTIGR.ADE

0 --- AT 71.0 DEGREES CENTIGRADE

100.0

90.0-

*so. 0

3c

04.

S(

300
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A ANTENNAE

PERFORMANCE SPECIFICATIONS

ANTENNA FRED EPPECTIVE HOW FRONT TO SD
MOODEL RANGE DIAMETER VSWA GAIN POLA R. SACK RATIO 3CUINT LOBES WNP. )dBNUMBER (GIh ,. a (MAXI dej IZED MIN doON IMAXI do0ON IEAMWIOM

'2.0 214 GT)-2 Giz

A4ODELA A 3IWIG T S EGT ONETR
NU BE 4. 3n 1*. 01e Ol QI,,

AI .A 20 I 2 1. 4 GAT, LNEAEM14L

3*124GT

*flaA 26I l 4 1% k FM

32

030

20

16

22

10

18

41

1 2 3 4 5 6 7 8 9 10 11 12 12.4

ANTENNA GAIN SPECIFICATION
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Parabolic Dish Center Feed 18'

Manufacturer Cost ModeI CRlINC Nunber

WatkinS-Johlso $2.675.00 xwjd572-11 1122

This is a dual-ridge Iinear-polarized-feed antenna.

Frequency (GHlt): 8-18.oo

Polarization: linear

Bearnwidth* suitable for reflector feed

Type: dual-ridoe horn

Output flange: WRO 750; radomie cover included

Antenna patterns and other miscellaneous details are included in the Appendis.

Parabolic Dish Center Feed 12" -Antennia

Manufacturer cost Model CRINC Number

WatkinsJohson $2675.00 wj8572-12 )123

The feed for this antenna is the same as the 18" dish. The only difference

is that the diameter of the reflector is 12.0".

14A7 RADAR ALTIMETER

manufacturer "~ode] Serial Numoer

Sonzer Mini-Mark 9O837

Altitude range: 80 to 1000 (ft)

Output voitage: 80 ev to I (V)
Po~ver reauirement: * 14 V DC

WIRING DIAGRAM

40 00

'0 0-

0 L 
7 

.A ~ A MIOLV I NDOICA TOC R

*In, ardr to ccm !lv with FCC .1-ansmtter rules. paragraph 87.75 (c) (2),

* a MINI-MARK "ON-OFF- switch availabie to the aircraft operator must
be provieed.

Wing diauram fcor radar a~timeter.
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APPENDIX 8

WIRING DIAGRAMS
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BI: INVERTER/ACTUATOR MODULE

IC

* ACTI

Lfjj

ACSIL

* AC2

Figure BI.: ActuvtrtControlSeto
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B2: DC POWER MODULE

Fiur Lel Powe Suplodl

"" * I - . I ~ :

+ 15

Rn'HHfl~~ IF E_ I _

i K LIZVAC__!~FI~

F Iz- FC I I 

EE ED

Figure B2.2: Voltage Regulator Board
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.1 C37.* o,

4104

2 z .- ~ C Pe

-ISV -- to

C., C 47. , TfV

Figure 13-3: +1 V, 1, 12,- V Regulators

I0



83: PM/IF MODULE

IF input

Radar out G4

Impedance

Isolated;

2.2K

AGC

Range-
Tracker

green wire nr

Figure B3.1: FM/IF Module Signal Path
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RO %I ~

Figure B3.3a: Ku-X-C-Band FM Board, VCO Section

(See component identification on Fig.
B3.3c)

al as, -I
X49.A all.'0

C aa~

et, /(

Figure 3.3b: KU-X-C-Band FM Board, Tuning Signal Generator Section
(See component identification on Fig. B3.3c)
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I. '4' -- f

I W ;4. Ic K

t c C . a A T , C -7 .0 1 P'

-01 AF

L~Ll
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Figure 3.4a: L-Band FM Board, Circuit (See component identiFication on

Fig. B3.4b)
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______________________________~.to Triangle board (pin #/10)

_______________________ >from Tracker output (pin #f17)

Manual+15

FM Track FM

________________Manual FM4 Adjust

(SPDT)

3 Track 
F Adjust

L to Tracker Reset (pin #10)

Figure B3.5: Manual-Track FM Control. Controls on front panel of

FM/IF module.

_______ ----------- 'to Triangle board (pin #11l) 6

_______________--~to Triangle board (pin
to Triangle board (pin fi22) 5-

___to Triangle board (pin 1#21)aJ

Radar Spectrum
* Analyzer

RO Si S2

Figure 83.6: RF Sweep Width Control. (Same as above).
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Swi Control SW2 Control 543 Control L-ban, Control

- 1o

2 4 4

C33 3 31

2 -3
42 420

Il , IGround

' J i+ 8V

T U r. v w

Backpane l

Pin Numbers

PosLz..1 1; Delay Line
2; VV
3; IIH
4; VH

Figure B3.7: Radar Mode Select Rotary Switch

Pin -4I Signal input from AGC section

I Ground 2 +18 V

2 Ku-X-Band, Output 3 +15 V

3 I5 v 4 -IS V

4 -15 V 5 GNO

5 Grounu 
6 NC

6 LSB 7 Signal feedback to AGC section

7 LSB + 
8 NC

8 MSB- 9 NC

9 MSB 10 Reset voltage from track FM adjust pot.

10 .Control voltage Ii NC

I1 To switch 12 NC

12 To swi tch 13 NC

13 To frequency counter 
14 NC

14 NC 15 Reset push button

is NC 16 Reset PUsh button

16 NC 17 Tracker output voltage, to man-track switch

17 NC 
18 NC

18 NC 19 Test point, discriminator output

19 NC 20 NC

20 C triangle output 21 Test point, input to discriminator section

21 To switch 22 -I V to AGC section

22 Input to OP/amp

Figure B3.8a: Edge Connector Figure B3.8b: Edge Connector Wiring

Wiring, FM Board Tracker Board
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1 16'1 R 180 Q5

LSB 2-l6~ L'!3 14 I
-8 5-4 7 12 b

9S 6 11 -c'~'.

(Refer to 7 10d
Fig. B3.2] T~8 9 eL

Figure B3.9a: RF Frequency Display Circuit
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5v T1 16 1* R *16

* R
T2 GoR

0- R
LSB -T3 * R

. T4 R

. T5G

MSB - T6........

LM 7447

;6 * * *. * * *

Figure B3.9b: Layout and Display Board

Wiring List:

A] - 81 A13 - 87
A2 - 82 B16 - 015
A3,A14 - TI B14 - C9

C3,C4,C5,Ci6 - TI 813 - CIO
A7 - 83 B12 - Cli
A8 - 85 811 - clI4
Ail - B6 BlO - C12
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134: DATA ACQUISITION MODULE

IP 00,Rb~

1i.1~~~~;:.~ N~ 1"s _____________________________________

5~~~ 6/6A55

1/ 2 3.Q y q

cI22 LI

~~Figure 4.1a: Data Acquiston Modu leou-ak iw
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Back viev of mete Moue frnanel

ii: .+5 V.
J13-14

%S A'C ohO/1

Pocket Terminal J-
Connector

C) ack panel toggle switchx

SBC80/10 -.... BBOi
.13-13 SBC3-11

SBC8010 47J3S 1
J3-3 

SC80/10

J13-7

Printer 0 0 0
Connector

Figure 84.2: Front Panel Connectors

METER MiODULE BACK PANIEL TOGGLE SWIT1CH

Parallel
to IPocket

Parallel serial ISerial emnl
Data stream rData7RdoTria

Baud rate iPine
select toggle switch (cocnections shown downm position)

-J I 300 baud

b ud rate clock 60bu

Figure 84.3: Back Panel Toggle Switch



IN 44j.r

Tf.7
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DI,2 D2 D3 D4, C5, D6 11- 0.44

*Cl, C2, C3 C.2 C7-F0M

0g r BrALb C4, Bo rd Layout

CA2 5 9-02M

Figure____________Board,_Layout
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Figure B4.5: Oscillator Frequency Control Circuit
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Figure B4.7a: A/D Converter Module
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Figure B4.7b: AID Converter Layout
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74 1

A Y, Str3Lt AfM maei

AAIO .Ce,,,O, K u- .,"

el

AFigure B4 .7c: A/D Converter Device SelectSeec
Ftia 'I4 :to A

2 AID device select strobe

6
8

10
12 A. . ,/D device select address line 'C'

14 " " 'B
16 " .... .' 'A'
18- Oscillator control bit 3
20 " " "

24 - - " " " 0
26
28
30

32
34 ..... Kluge data bit 7
36 "
38 " " S
40 " " " 4
42 "" 3
44 " ' 2
46-- "1" 0

• 48 . .... . . .. ... . . .' " 0

50

Figure 84.7d: A/D Board Edge Connector 'KI'
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-~S b3.

A-if- J

A/0- . A/< aC++.Jr
• I' -rI *

, L++L' +' I + 4. *.+ + _ _ _ - + '° + ++ +

t+ .~~~~Ito. .* I ++  '- , ++-

"0a4

1,i
¢ ~r Fas , To .

1 + .. M ' -- I; ,+ * ..

I I I

Figure 84l.8: SBC1O4 Parallel Ports

!C 0

4 -

I . R O

- IIa

ACZ.2

It LASS

3,., A, . . . . T. &. /r) 9 D A M - D a t a A c q u i s i t io n
G,,,a- MIS ModulIe

4)

I.+,.V DPM - Digital Panel

Meter In DAM

Figure B4.9: Panel Meter, Floe Switch siring

permit f-'111 ,

_ • = _. _ ' i' • • . . a.K
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TW-C S ProC .so. J IW
Sigool Concor. I on~o I S0C 0 J3 5I-.

ft rr o Ir d 2

AISET 3 . . . . . . . . . . . . . . . . . . . . 25 . . . . . . .16" . PC. b4
a04 4 26 5

506 6 . 27
READ 7 ......... .. .. . . 29 . .. .... )0 . . Pc4 b6

9-W 33 31

"nd 10 34 33
D6 11 .................... 3 ........ 3. PA4 b6j "Ed 12 36 15
D5 . 3 ............... . . 37 .. .. .4 . .

x06 14 Is 37
04 15 .................... 49 .4...... 60" PA4&god 10 4,0 03

177 .................... 4 .. .. .. . . . 1A b
gd 18 4 . 41
z02 1 43 .4. 4 . . PA4 b
I'd 30 44 43

S ... . . ." . . PA4 b0
.nd 22 46 47
rD 23 . . . . . . . . . . 8 7 . 7. .. .. . 48. . .. P

SELEC 25 ... . .......... . . . 9 .... .. 0 .... P94 b]
.ad 26 10 9

ERq 2 ...... ... 3 ... 4
End 28 24 23

S0 d 3 0 ' .
SACK 1X

4  ' j 4~
gnd 32

CS3 33 ..... . ........ . . ... .. . . P94 bZ

8od 34 13 15

:.d 40

L51 ........... .. .50
£12 36. ....... 13...... P04. 00

|god 38 14t 13
8rid 39 ,

gnd 40

£06 4 2-
S.d 42-4 5 3--------e-----

44-
.$ 4 5--*
413 460 ' +12..

22 47-012 48-0'
012 q--,,

S.C. so

Figure B4.10: TEAC Tape Deck Interface Cable

r14.xe.P4 67f~o-~

537

4SO b 13 - 3
4S s 0 8...: 4.j a'

p --. i +=8

SS 0 a to 17 P.; 7

L S- D;5

LS D

LS D 7 -- -2

! Figure~ I-- : lk.Itrac al

- 33 P6 17

•~~- , - * 5 .. . •

*DP CL) P - - -, .17 85a

7 .. i .3 .

A #

Figure 84.11: Fluke Interface Cable
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,ISfld . I* r .CT J- I . . *-
33 S7

L -B
,,2SD? S B

4. 4.

,H•z a , I 831
, .' B SP a K '""i paB7

F B4-
LSDa p 93

4 N I-- I B'INI
irL -- 7

c..fet. w -- 31 P3 89-7
V@It3 3 --

ov~ £ 27 &31
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I ___ ___ ' __ *J__
4 T 8 .2 l
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Low voltage ground isolation. Another ground must be provided.

Figure 84.12: B0onton Interface Cable
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KuX-band C-band

SWL SW2 SW3 SW4 SWS,6,7,81 SWI SW2 SW3 SW4 SW5.6,7,8

OL 2 1 1 1 12 1 1 1

Wv 1 1 1 1 2. 1 1 1 1 1

li 1 2 1 1 . 1 2 1 1

VI 1 1 2 2 2 1 1 2 2

Table B5.la: Logic Matrix for the Switch Positions

Control Wiring

Connector Color
Pin Code

A Black +28 V. Ku-X-YlG(,!2),C-YIG(o4), SW5,2.3,4 common

open

C Red 18 V. Ku-X-YtG(U5)

O Green -18 V, Ku-X-YIG(17)

E Orange +15 V. C-YIG(42. red)

F Blue -15 V. C-YIG(:6, green)

H % White/black open

J Grey coax Ku-X-YIG Tune (dl)

K Coax shield Ku-X-YIG Tune return (P6)

L. Orange/Black C-YIG Tune (#3. orange)

M Blue/Black L-band mode control SWI +)

N Black/White SWI control-OL port +1

.' Red/White open

R Green/White SW2 control I

S Blue/White SW2 control

T Black/Red SW3, control I

U White/Red SW3, control 2'

V Orange/Red 1-band mode control SW?
W Blue/Red L-band mode control SW3,4 +'

X Red/Green SW5 control I'

Y Orange/Green SW5 control 2

Z Black/White/Red SW6,7.S control +

a %Ihite/Black/Red +28 V return, Ku-X-YIG!3, C-YIG48

b Red/Black/White Ground to Swl gnd, SW6.7.8 -. Ku-X-YIG#IO,

Green/Black/white C-YIG4I,47

Table B5.1b: RF Module Wiring List
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I

I. - f IS I V .1..

i" Figure B6: Power Supply Multiconductor Cable

l-tII

R4' 5 e6- IS- 2k"

ICI TL 074

Figre F6:gowr Suppl AnglEcodr o (Spaable b

- W.4

*~9 -.

0. -if9 .01 6a'

?*op YiE W

Figure B7: Angle Encoder (Separate box)
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TABLE 88

System Control Signal Cables

Cable Name Descri-ption Connector Description

+28 VDC IN Aircraft source to IIJV/ACT Mod. 2pin-Amp

Actuator Actuator to INV/ACT Mod. 2pin-Amp

Actuator Control Remote switch to INV/ACT Mod. 3Pin-Audio

115 VAC Source located at INV/ACT Mod.

Required by PS, IF/FM, and DA Mods. AC

DC Power Links to +28 VOC at INV/ACT Mod. 3pin-Audio
to PS, IF/FM, and DA Mods. l4pin-Amp

RF IF/FM Mod to RF Mod. 28pin-Amp

IF IN IF/FM Mod, to RF Mod. BNC

IF OUT RF Mod, to 5002 Term, at DA Mod.
(Boonton) BNC

FM IF/FM Mod, to DA Mod. (Fluke) BNC

RMS At DA Mod. Links RMS to Boonton BtIC

Altimeter DA Mod, to Altimeter 3Pin-Audio

va



75/

APPENDIX C

TWO-WAY EFFECTIVE BEAMWIDTHS IN DEGREES FOR HELOSCAT SYSTEM

VV-polarization HH-polarization VH-polarization
(18" dish) (24" dish)

<freq.> ee Ba  6e  8a  e

1.5 GHz 15.9 14.2 9.1 9.8 11.4 11.5

4.4 8.2 7.4 5.8 6.1 6.8 6.8

4.8 7.6 6.9 5.4 5.8 6.3 6.3

5.2 7.0 6.3 5.1 5.3 5.9 5.9

5.6 6.5 6.0 4.7 5.1 5.4 5.5

6.0 6.2 5.4 4.4 4.7 5.1 5.1

6.4 5.2 5.2 4.2 4.4 4.7 4.9

6.8 5.0 4.9 3.9 4.2 4.4 4.5

7.2 4.9 4.5 3.7 3.9 4.2 4.3

7.6 4.7 4.3 3.5 3.7 4.1 4.0

8.6 3.9 3.7 3.0 3.3 3.5 3.5

9.6 3.7 3.4 2.7 2.9 3.2 3.2

10.6 3.5 3.0 2.5 2.7 2.9 2.9

11.6 3.0 2.8 2.3 2.5 2.6 2.7

12.6 2.9 2.5 2.1 2.4 2.5 2.5

13.6 2.9 2.4 1.9 2.4 2.3 2.5

14.6 2.8 2.4 1.8 2.3 2.1 2.4

15.6 2.7 2.1 1.7 2-.3 2.0 2.3

16.6 2.4 1.9 1.6 2.1 1.8 2.0

. . ... .II Ji I i -
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APPENDIX D
FM BOARD CALIBRATION

Calibration procedure for triangle wave generator:

1. Disconnect the power cable to the RF box and then apply power.
2. Connect a scope between either TI or T2 and ground pins on the board.
3. Set the frequency of the triangle wave to 600 Hz (using MAN FM) and adjust

for symmetry using P2.
4. Set the frequency at 100 Hz and adjust for low frequency symmetry using P3.
5. Connect AC voltmeter between either TI or T2 and ground pins and set the

amplitude (sweep width) of the triangle wave as listed in table using P4 and
P7 for Ku-X- and C-band, respectively.

6. Connect a DC voltmeter and adjust the DC offset and step size using potentio-
meters as follows:

P5 step size for Ku-X-band
P6 DC offset for Ku-X-band
P8 step size for C-band
P9 DC offset for C-band

Note: PI maximum frequency of oscillation
PIO sets the maximum current into DAC

Ku-X-Band C-Band
Triangle wave amplitude 215 mV rms 354 mV rms
DC offset 0.6 V(DC) 4.0 V(DC)
FREQ step voltage 1.0 V(DC) 0.67 V(DC)

APPENDIX E
FAST RMS DETECTOR CALIBRATION

Do the following adjustments before mounting the TRMS module in the microprocessor
cage. (See Figure B4.4b)

1. Connect DC voltmeter to Channel 1.
2. Apply ± 15 V from the HP power supply before turning on the instruments and

wait for 5 minutes.
3. Connect the TRMS input to ground and adjust R5 to get a minimum reading on

the voltmeter, preferably zero.
4. Connect the DC voltmeter to Channel 2 and adjust R11 to get a zero volt

'4 indication.
5. Apply 10 mV, I kHz sine wave to the input and adjust R6 so that Channel 1

output is 2130 mV ± 5 mV.
6. Increase the input to 50 mV and adjust the RI2 so that Channel 2 output is

165 ± 3 mV.
7. After above calibration is done, install the module in the cage and connect

-4 the output connector to the A/D circuit board.

Do not connect the power supply ground to the signal ground. Connect the ground
of signal cable to ground pin on the board marked as G.

4

I_
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APPENDIX F
RANGE TRACKER

F.] System Concept

The range tracker was designed to interface with an FM-CW radar system, to

K. allow the system to follow a rapidly moving target. As a result, the centroid of

the return spectrum is kept at the same frequency, which facilitates data analysis,

and the distance to the target can be determined in real time. The system block

diagram is shown in Figure F.l. The frequency of the IF signal centroid is directly

proportional to both the sweep rate and the time delay from the RF oscillator to

the RF mixer, i.e., fIF a fFM * Tdelay* If the sweep rate is constantly adjusted

so that the IF remains constant, then fFM a T . Thus, the distance to theF M T d e l a y '
target can be determined by measuring the frequency (sweep rate) and taking into

account the delay associated with the antenna and feed lines. It is the range

tracker's job to detect the frequency centroid of the IF signal, and keep it at

the desired point by varying the sweep rate.

TO
•~ - VC

N N T R OI T AND VCO
INTERFACE

Figure F.I: System Block Diagram

F.2 Operation

The range tracker consists of three basic sections, shown in Figure F.I. The

power return varies inversely with the square of the distance (for beam-limited con-

ditions) and the target reflectivities also vary greatly, so that a very wide range

of IF voltage can be anticipated. This would adversely affect the discriminator

performance, so an automatic-gain-control circuit is provided. It has a 60 dB linear

dynamic range, and it provides soft clipping for higher signal levels. The discrim-

inator is a frequency-to-voltage converter, which outputs a positive DC voltage at

low frequencies and a negative DC voltage at frequencies above the center frequency.

The transfer characteristic for a sine wave input is shown in Figure F.2.

Thi discriminator voltage is fed to the integrator. When the IF frequency

centroid is at its correct value, the discriminator output is zero, the integrator

voltage does not change, and the VCO remains at the same frequency. If the IF

centroid drifts too high, the discriminator produces a negative voltage, the

4| integrator drifts to a more positive voltage, the VCO frequency is reduced, which
lowers the IF centroid to the proper value. The reverse happens if the centroid
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Figure F.2 Discriminator Characteristic

drifts too low. Circuitry is provided so that the integrator can be preset to

any desired value by pushing a button. Thus, the distance to the target can be

estimated, and then a preset is performed to bring the centroid into the capture

range of the system. A linear mapping circuit is provided, which transforms the

integrator's output voltage swing into the range required by the VCO.

F.3 Automatic Gain Control

'.l The AGC circuit uses a CA3080 OTA (operational transconductance amplifier)

as the variable gain block. This chip has a differential input and a very high

output impedance (i.e., current source). The transconductance . . is directly

proportional to the current flowing into the control terminal, and is given by

gm(mho) - 20 ICONTROL(wA) .  It is a two-quadrant multiplier, that is, the trans-

conductance is always positive. The control input has a constant potential of

one diode-drop above the V-supply. A 1000:1 gain ratio is easily obtained.

The transfer characteristic of the 3080 is simply that of a transistor differ-

ential amplifier, and reasonable linearity can be maintained up to a peak input

of 50 mV. Because it deals with extremely small voltages, the gain control stage

is enclosed in a metal box.

4
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The full schematic is given in Figure F.3. R attenuates the input signal

. to a level not to saturate the output. The current source output of IC 1 is con-

verted to a low-impedance voltage source by IC 2. DC is removed by CIO. IC 3 pro-

vides additional voltage gain. With a sine wave input, IC 3 output is 3.5 Vr pp"
Rectification of the output is provided by ClI* and DI and ripple is filtered by

R)8 and C12. A reference voltage is provided by R23 and R24, and voltage at in-

verted input terminal of IC 4 is -0.65 V at steady state. Switch SI changes the

integrating time constant which determines the AGC range. Overall operation is

as follows. If the input signal increases, the voltage at R19 becomes more negative

and the integrator (IC 4) output then drifts more positive. The base voltage of

QI decreases, causing lower current to IC 1.

F.4 Discriminator

The discriminator consists of two second-order bandpass filters and a summer,

as shown in Figure F.4. The summer includes a one-pole ripple filter. The fre-

quency response of the two filters, plus the overall frequency-to-DC response,

is plotted in Figure F.2.

------------------------------------------------------------------------ I
AGC Box Tracker Board

C9 QRI2

R2.I utC R 1

2 W IC1 - ouguI' -15 -IS

Cl".________
+ 

C

1 A CS 4. ;R1

I R1 ce "111

P.1

Component values are shown in Table F.2. 825-- z

R82

Figure F.3: AGC Circuit

o - ... . ... . .. . al '' '1I . .. .. . . -5v
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fo 44 kHz

SW - 7 kHz
BPL

- 56 kHz

SW 7.9 kHz
BPH

Figure F.4: Discriminator Block Diagram

To adjust the discriminator (see Figure F.5), connect a signal generator to

the input (pin 21 when testing outside the system or IF input port at the back

panel of the FM/IF module) and a DC voltmeter to the output. Locate the low-fre-

quency peak, and adjust R33 until it is at 44 kHz. Then locate the high-frequency

peak, and adjust R30 until it is at 56 kHz. Then adjust R40 for zero output at

50 kfIz. The above three steps should be repeated until no further improvement can

be obtained. If there is a need for external frequency-to-voltage converter, or a

phase-detecting circuit, jumpers J and J2 can be removed and then the external cir-

cuit can be connected to edge connector pin 19 and pin 2.

*FOm * OF 96C CiCUiT

J12

AM CM ,,-. +'  IC

R1 *Component values can

3 + ~ ice be found in Table F.2

Figure F.5: Discriminator Circuit Diagram

F.5 Integrator, Preset and Mapping

The schematic is given in Figure F.6. The basic integrator is formed by IC9,

Ci9 and the feedback network through the switches S2 and S3. Integrator preset

is provided by ICIO, which compares the voltage set by an external resistor with

the integrator output. When reset push button on the front panel of the control

box is depressed, the analog switch (IC12) is 'ON', and the error signal is fed

back to the integrator input, and forces the output to the desired value. The

output voltage range of the integrator (0 to +13 V) is mapped to the voltage

0l



99'

¢C21

S7 A76

AU 173 (edge connector pin 17)

IC

C 2 i t2GUN

*Component values can be found
in Table F.2

tlsit

Figure F.6: Integrator and Mapping Circuit

required by the VCO (+5 to +15 V) by ICII. Supply voltage of +18 V is required
by IClI so that it can drive up to +15 volts. R77 is provided to set the low
frequency limit (upper voltage limit). Feedback through switch S2, S3 compensates
for signal-dependent time constant variation. S2 selects the time constants
(I, 3.3, 10.1 sec) and 53 selects minimum to maximum frequency ratio (1/5, 1/10,
1/20). In the system, R77 should be adjusted until the lowest possible PRF forms
the selected (by S3) ratio with the highest frequency. If no compensation is

desired, the node of C20, R51, R52 can be connected to +15 V.

F.6 Test Procedures

The testing diagram is shown in Figure F.7.

ACC box Z Discriminator J Integrator

Mapping

Tracker board
Ue counec tr

Figure F.7: Testing Diagram

4
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F.6.1 AGC Section

This section, which is partly in a shielded box and partly in the range-

tracker board can be tested by applying sine wave (50 kHz) to the IF input ter-

minal of the AGC box and checking the output waveform at pin 21 of the tracker

board. When changing the input signal level from 15 mV to 5 Vp, the output
pp p

level should always be 3 V at switch SI upper position. Low level signalsPP
distort the output waveform, but it should contain strong input signal frequency

component.

F.6.2 Discriminator Section

This section can be tested by applying the sine wave either to the IF input

of the AGC box or to pin 19 of the range-tracker board when AGC box is disconnected.

When changing the input signal frequency from 30 kHz to 70 kHz, the DC output

voltage at pin 19 should have the same characteristics as Figure F.2 with the

peak voltages around ± 3 V and OV at 50 kHz.

F.6.3 Integrator and Mapping Section

This part is strictly a DC section and, therefore, can be tested by applying

either DC voltage at pin 19 after removing the jumper wire J2 or sine wave to the

IF input of the AGC box. Refer to Figure F.6. Voltage across R61 (current into

IC8) should change when changing positions of the switches S2 and S3. And, the

output voltage at pin 17 should have the characteristics shown in Figure F.8.

operating region

IvI

14'" -V - ,

DC input
4 at pini9 +3V 0Y -3v

AC input 44M0[z 50KM: 56id

Figure F.8: Output Characteristic of the Range Tracker

F.6.4 Precautions

The DC output voltage at pin 17 of this tracker board is a very sensitive

function of power supply voltages. Therefore, in case of bad power supply fluc-

tuations or in the case where the power supply voltages are adjusted higher than

±15.5 V and +18.5 V (as in the ship experiment where long power lines are required),

14 the maximum DC output voltage may exceed +15 V which, in turn, may cause the

4
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failure of the triangle board. Hence, whenever the power supply voltages exceed

±15.5 V or +18.5 V, it is suggested that the maximum output voltage of the tracker

board is checked to have around 14.5 VDC at 56 kHz CW input. The voltages higher

than 14.5 VDC should be reduced using R77.

53 S2
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RANGE TRACKER BOARD WIRING LIST

A3-7-qnd E4-7-FIl. 113-J16 M13-NII __

TABLE F. AI.-S-(-15v) E5-F4-(-I5v) :N6 1

A2-BI6-(RI.O-I-2)-G1 E9-lO-F6-(Cl3-) .3-(S2-2)

Ala-Gil .19-KS-Grid 143-4

91-2 FIO-PIC J]4-15-(S2-3) N--j
83-4 -NI 4-02
85-6-7-8 GI-2 K3-4-5-6-7 NIS-- Li
89-14 G14-15-16 )(9-13-111-15-16
812-13-02 G5-6 07-1113
8--14 G7S KI1-12-(SZ-2) 8--Gid

(R33-2)-Gnd G12 ----------I L2-M14-- IT iI-L13-(.15v)
B11 -(R30-1 G9. H L3-m6- iT 04-(-15v)

63-PS-- ~ L4-M5--- J.
CI- G4-CIO-010 L13-14-1I,-16 015-(1v
C3-4 L5-Grid
CS-6-7-8 - I-2-P9-12 1.6-7-02 P:2-3-4---_-6GNO
C14-15-010 H3-16-(+)5v) LS-(R77-1) P:3 --- 21 418
C12-13-06 M4-5-6-9-Gid (R77-2-3)-(-15v) p 4ll -- L IS1
C9-14 H47-8 L9-I0-(C21-) P 15-- j-122-IS5
ClI-(A33-I) (CZI+)-Gid _ P7 ----
C16-(R40-3) H,131415-13 LI1014- IL

D
4
-8-(-)5v) 14-8-Grid

D3-7-Gid 16-JIO 13-II-12-N12-O6
011-15-(+15v) 110-K1-Jl.N4 147-Grid

111-15-J13-(+]S-) m4-N9
U1-1110-11-12 i14-J5 1410-141

TA3L[ F.2

TRACKER BOARD PARTS LIST AGC BOX

*R15 6.8K R46 12K VIR77 I0K 1/R I IOK
R16 I50K R47 4.7K R78 12K R2 6.8K
R17 3.3K R48 12K R79 --- R3 I2K
R18 33K R49 12K RSo 47K(39K) R4 IZK

*R19 33K RSO 12K R81 12K R5 1.OK*
R20 100K* RSI 12K* R82 120K R6 I.0K*
R21 390K* R52 120~ A7 I.5K
R22 1.5mft R53 12K* CII .1* As 1.0K AGC BOX WIRING LIST
R23 150K R54 12K* C12 .1 R9 1.5K Input-(RI-3) W2-3-4-S
R24 6.8K R55 ISKA. C13 1.0 RIO 12K Green-(R9) W6..Output
A25 150K R56 15Kft C14l 330P* R11 12K (-)5v)-Black-(c7) W7-01
R26 150K R57 12K* C15 330p* R12 4.7K WOU

*R27 4.7K A58 I2OK*' C16 330p*' R13 47K TI-2-3-4-5-6-7-8-(C6)-Gnd W1I-12-Upo
*R28 33K* R59 270K* C17 330p* R14 47K T9-I0-U7-wI W13-16

R29 390(03) R60 82K* CI8 .01 TI11Q7-8-u4-wio W14-15-U6
VR3O 500(69) R61 12K C19 .22 CI .1 T12-Q3
R31 33K* R62 1.51q C20 .01 C2 .01 T13-14-Q6-U15-Ull-Gnd Q-1v
R32 680(000) R63 12K C21 10 C3 .01 Tl5-u3-Q3-4 (110-11-12-13

% /R33 500(7M R64 12K C22 .1 C4 330r) T16-u2-Q5 Q14-15
R34 68K*(82K) R65 12K C23 .I(removed) CS .01
R35 68Kf-(3K) R66 12K C24 .1 C6-9 .1 U13-QI R-)Q
R36 120K'.(ISOK) R67 12K CIO .01 UI4-u6 R-)Q
R37 --- (220K) R68 12K Q1 2113906 ClI?* 22p R)C)Q6
R38 15K R69 1211
R39 12K(15K) wA70 5K 01-4 Ge Diodes ICI CA3080

VR4O IOK(9.47K) V*7I 5K 1C2 CA3140
R41 120K A~72 5K IC3-7 CA3140

*R42 ;2K R73 680(removed) ICS C38
R43 12K R74. 33xft(?7K) 1C9-11 CA3140
R44 100 R75 18K(12K) IC12 CD4066
R45 12K R76 12K (mC:1406)

Vmeans variable resistors
*means 5 tolerance recomrmended

(0 indicates new discriminator design values
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APPENDIX G
ELECTRICAL LOAD ANALYSIS

I. Aircraft Source Voltage Required = +28 VOC
. Maximum Current Required = 30.5 A

II. Electronics Package Current Required = 8.5 A continuous
Actuator Current Req. under Stall = 22.0 A
Actuator Current Req. under Load = 10.0 A

III. Detailed Analysis:
Power Supplies:

Voltage Current Supplied-A- Max Current Capability-A-

+18 2.77 5.0
- +15 .90 2.2
1 +12 1.40 - 2.20 2.2

+5 5.77 9.0
-18 .73 2.3
-15 .42 2.2
-12 .25 2.2
- 5 .10 2.2

Devices:

Supply Current
Instrument/Device AC(Volts) DC(Volts) load(mA/device) Power # devices

I IF amplifier 115 --- 10
2 T.R.M.S. meter 115 ...... 4 1
3 Frequency counter 115 ...... 7 I
4 Altimeter --- 28 600 -- I
5 HP switches --- 28 120 -- 2
6 Transco switches --- 28 120 -" 5
7 Fans --- 28 220 -- 2
8 X -KU band oscillator --- 28 180 I

--- 18 500 --
--- -18 100

9 Microprocessor --- 12 400 1
-12 250 --

5 5000 --
- 5 10

.4 10 A/D convertor --- 15 150 -
and associated circuits --- -15 150

I1 Recorder --- 12 1000(average)
5 700(average)

12 C-band oscillator --- +15 650 --

-15 1O0 -

28 50
13 FM generator -- " 15 50 --

and range tracker --- -15 50 -
18 20 --
5 10 --

14 Pin diode switch --- -15 65 --
5 50 --

15 Actuator control --- 28 10,000(average)

22,000(peak) -
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APPENDIX H
HELOSCAT SYSTEM WEIGHTS

Data Acquisition Module = 30 13.6

Power and IF Processing Module = 67.5 30.6

RF Module = 8.5 3.9
HELOSCAT Structure = 49.0 22.3
24" Dish Antenna = 14.0 6.4

18" Dish Antenna = 9.0 4.1
Radar Altimeter and Mount = 8.0 3.6

TOTAL WEIGHT = 181.0 lbs. 82.3 kg

APPENDIX I

STANDARD RADAR TARGETS

Luneberg Lens Cross-Section (#328)

Frequency Cross-Section 2
(GHz) (dB rel. to I m)

1.5 - 4.5
4.4 5.3
4.8 6.1
5.2 6.7
5.6 7.4
6.0 8.4
6.4 8.8
6.8 9.7
7.2 9.8
7.6 10.2
8.6 11.2
9.6 10.8
10.6 11.6
11.6 11.8
12.6 11.6
13.6 11.9
14.6 11.0
15.6 9.9
16.6 8.9

I:-

] J J b 6 7 II It I, I IV .4 4 J !T T

frj1C ettey tnit)

6 I rttuel~y esrtmttco
4

Intntncr len **ist i
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APPENDIX J

HELOSCAT System Footprint Sizes
and

Independent SamplIes

0
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" ' - '~~~~REUU'Z'CY REM,( AA(.A AREA.1"i?*') :NA. !3DE-. P. (G1.') R."0). R.''.') AREA('I"2):''h'::.

1.5 GHZ 4.3 3.a5 13.27 4 1.5 .Hll. 2.51 2.65 5.22 2

4.4 GZ 2.26 2.1 3.56 4.4 G!' 1.51 1.64 2.3 1
4.a GZ 2.C7 1 ,6 3.02 2 , 1 1.41 1.55 1.31
5.2 GHZ I192 1.7c 2.57 2.2 Gill .31 1.13 1.56
5.6 GZ 1.79 1.61 2.2' 2 5.6 ;!Z 1.50 1.37 1.40

6.0 GHZ 1.70 1.4G 1.95 1 6.0 H1Z .20 1.29 1.21 I
6.4 GHZ 1.42 11.4 0.56 9 G Z C.14 1.19 0.47 I

."6.8 GHZ 1., 6 1.1,f31 1,1 G.-3 G.I., .¢3 " 1.13 0.96
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17.6 131Z 1.30 1.15 1.4 I 7.6 '.HZ C.36 0.64 0.75
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INCIDENCE A:GLE- 20 D--IRZC3 VICIDZNCE A0Lo- 20 DIEWS.S
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1.5 OHZ 4.53 4.G4 15.31 1 .5 SHZ 2.76 2.75 6.02 5
4.4 0HZ 2.43 2.11 4.1' 4 4.1 G{Z 1.73 1.72 2.34 3
4.8 GHZ 2.23 1.95 3.49 4 4.3 Gz 1.63 1.63 2.9 3
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4.8 GHZ 2.63 2.11 4.45 7 4.0 GZ 1.92 1.77 2.66 5
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5.2 G0i 4.52 2.62 9.3J 17 5.2 G 5 .27 2.19 5.64 135.6 G':1 4.2i 2.48 J.2* Id 5.6 -H 3.C) 2.10 5.C4 12
6.G; GHi 4.0I 2.24 7.06 Is 6.0 3-1 2.33 1.96 4.36 11
S0.4 GHZ 5.33 2. 15 . 6.4 3IZ 2.61 1.82 3.54 IC
b.a GHZ 3.2C 2.CI 5.CI 12 6.3 G.{Z 2.54 1.73 3.-5 IC
7.2 0HZ 311 I.3" 4. 51 12 7.2 ,:;" 2.:c 1.63 ",.C7 I"7.6 TIM 7.5 1.77 4.25 12 7.6 GHZ 2.25 1.54 2.2 9
a.6 GH. 2.54 1.54 3.07 10 P3.6 GHZ 1.36 1.35 2.C9 3
9.6 GZ 2.40 1.40 2.&1 9 9.6 an. 1.74 1.21 1.66 7
1c.6 G60 2.25 1.26 2.21, 9 IC.6 GH 1.6C 1.12 1.40 6
11.6 GilZ 1.96 1.17 1.79 8 11.6 mIZ 1.45 1.03 1 7 6
12.6 GHZ 1.89 1.03 1.52 7 12.6 ,iI1, 1.33 0.99 1.06 51"1.6 ,17: 1.37 C.91 1.45 7 13.6 MlZ 1.23 0.93 0.95 5
14.6 G Z I.d1 0.98 1.39 7 14.6 3HZ 1.16 C.93 C.35 4
15.6 GHZ 1.14 0.89 1.21 7 15.6 UHZ I.C) C.93 0.80 4
16.6 GHZ 1.52 0.79 C.95 6 16.6 aHZ I.c1 C.89 C.71 4

INCIDENCE ANGLE-. 6C DEGREES3 INIDEZOE AMSL0 60 DEGREES

FR2U'UCY REW(:) RA(H) ARo.(A"Z) U.4.1DEP. FRZQ. GHZ) RE(::) RA() AREA(n**2) U:'.I,;DEP.
1.5 GHZ 0.47 7 .2 7j.12 45 1.5 ;'Z 9.37 5.27 4C.16 41
4.4 GHZ 8.',0 3.99 27.8 3"9 4.4 G10 6.16 3.25 15.72 27
4.d GHZ 5.14 3.6a 23.55 35 4.J GHZ 5.7? 3.C7 13.95 25
5.2 GHZ 7.52 3.3a 19.94 .3 5.2 0HZ 5.43 2.33 12.4 24
5.4 GHZ 7.42 3.19 17.61 30 5.6 GH 5,c6 2.70 1C.74 22
6.C GHZ 6.65 2.d9 15.10 29 6.0 0:Iz 4.69 2.52 9,1C 20
6.4 Gil: 5.55 2.77 12.05 24 6.4 G.l: 4.45 2.31 3.19 19
6. GH, 5.30 2.58 Ca,16 23 6. X'!Z 4.21 2.22 7.34 18
7.2 GHZ 5,I 2.40 9.73 22 7.2 GHZ 3.37 2.iC 6.54 17
7.6 CHZ 5.C6 2.29 94,7 22 7.6 1HZ 3.72 1.99 5.79 16
8.6 GHZ 4.21 1.93 6.55 is 3.6 3HZ 3.24 1.74 4.43 14
3.6 HZ 3.W 1.3c 5.61 17 9.0 AHZ 2.93 '.56 3.53 12

Ic.6 0HZ 3.72 1.62 4.74 16 IC.6 :HZ 2.64 1.44 2.)3 11
11.6 ;HZ 3.2- 1.50 5.82 14 11.6 ^HZ 2.4C 1.32 2.43 10
12.o 0,4 3.12 1.32 3.23 14 12.6 0:Iz 2.23 1.26 2.25 1C
13.6 GHZ 3.12 1.26 3.C9 14 15.5 0Z 2.C4 1.26 2.C1 9
14.6 GHZ 3.CC 1.26 2.1' IV 14.6 INZ 1.92 1.2C 1.81 a
15.6 0.m1 2.,I 1.14 2.53 12 15.5 V_ 1.3^ 1.20 1.69 3
16.6 GHZ 2.52 1.02 2.02 1I 16.C ;h% 1.63 1.14 1.5C 7

ICIDEaCF ANGLE- 70 DEGREES I'!CIDZ:ZCE ANaLE- 7C OQOROES
FRE2'ZOT RE(4) RA(:) ,RZA(: 4

**2) :j:111D?. FZZ,.. Eu) ROC,:) Ii(:4) ARE:'*2) 11J:4. :ZE.
1.5 GlZ 13.65 12.01 146.70 64 1.3 GiM 13.65 7.03 95.55 64
4.4 GHZ 13.65 5.C 70.82 64 4.4 !HZ 12.50 4.79 43.7C 59
4.4 GKZ 13.65 5.44 63.79 64 4.-3 HZ 12.2C 4.51 43.99 57
5.2 GHZ 13.56 4.983 56.65 64 5.2 0HZ 11.7C 4.15 33.13 55
5.6 0HZ 13.18 4.7C 51.72 62 5.5 GHZ 10.)0 3.37 33.97 51
6.,, GHZ 12.,.j 4.25 45.42 61 6.0 GHZ 10.10 3.7C 29.35 47
6.4 GI" 11.97 4.C6 3S.18 56 6.4 GHZ 9.57 3.43 25.31 45
6.3 UHL 11.43 3.79 34.07 54 6.3 GHZ 9.C4 3.26 23.13 43
7.2 GHZ 11.17 3.53 3C.34 53 7.2 GI0Z 9.52 3.C3 2C.5? 40
7.6 GH' 1C.90 3.35 26.68 51 7.6 GHZ 7.39 2.1C 18.21 33
8.6 G0iZ 9.C4 2.90 20.62 43 8.6 GHZ 6.95 2. 13.90 33
3.6 GHZ 8.52 2.64 17.65 40 9.6 0HZ 6.17 2.23 11.C6 29
10.6 GHZ 7.93 2.37 14.90 3"3 1C.6 GHZ 5.65 2.11 9.55 27
11.6 GHZ 6.95 2.2C 11.93 33 11.6 !H: 5.14 1.93 7.73 24
12.6 G0Z 6.69 1.93 10.15 31 12.6 '11Z 4.38 i.84 7.C5 23
13.6 GHZ 6.6") 1.34 9.69 31 13.6 GHZ 4.36 1.84 6.31 2014.6 0HZ 6.43 1.64 9.31 3C e.6 GHZ 4.10 1.75 5.65 19
15.6 CHIZ 6.17 1.67 3.03 29 15.5 CHZ 3.85 1.75 5.29 19
16.6 GHZ 5.39 1.49 6.32 25 16.6 01iz 3.59 1.66 4.69 17

INCIDENCE ANGLE- JO DGR=c3 I:ICjD-8iCE A;;E- 3 DEC'MEfS

FRE4U;ENCY RE(.A) RA (A) ARZA(iH*02) ::U,;. ;:. FRE;.(all-) RE(I: RA(.',) ARWTA.(:1-02) :;iM. INDS?.
1.5 GHZ 24.o5 35.93 536.4 122 1.5 0HZ 24.3) 16 87 356.x2 22
4.4 6HZ 24.3 12.49 276.31 122 4.4 GHZ 24.13 3.72 221.16 122

* 4.J GHZ 24.d; 11.36 254.33 122 4.J aHlZ 24.33 ).14 2C7.31 122
5.2 0II4 24.z4 1.31 232.)4 122 5.2 ,1iIZ 24.33 3."3 1)0.10 1225.o GU6 24.J3 j.67 21).52 122 5.6 G!: 24.43 7.3) 1:.52 122
6.C 6HZ 24.d3 J.71 1)3.C4 122 6.C ,HZ 24.33 7. 11 66.23 122
4.4 J1Z 24. , J.21 136-55 122 6G C! : 24.43 6.i 152.17 122
6.- JiL" 24iJ 7.65 175.42 122 61 I 24.113 6.51 147.2G 122
'I 2 1H. 2 .J3 7.11 lu..J2 12 7.2 24.J5 , 4.. 122
7 . ." 21..; - .,'.j 1 I21 7.6 ;ii, 24.35 5."1 1,.._2 2

.Z 24 -) 9- sr ,.' 122 .* 2."4 5.: 1:1.z1 114
1 .th Z4. .. !7 114. j 1 :2 ).6 22. 4 ." 74.5 I=j

d 2 3 4.11" (C..C 2I2Il 22.1' 4. 1, 7 '.' 1:1
II.u ,.A ;7., ! j i.; 2C.12 -. 1? , . -,

"

u 0 i1 25.: . 71.,' I / I ,3.1 3.- " 54.6. C
1'.0 :- 2 . .66 71.2 1- .. 31 1 ,

2 j .A o.,2 I~ '1 .



, :1JA il .17- 10.4 XEAi (sC.. i_=) IIC.GHIC .'T(73. .

POLARLZAT1 :1 - VV (1.I 1 :25 DL I) al3ll.r:j.:. :111 (21 :::1 2 J !)

INCIDENCE A30LE- IC D7:ZRF:_3 L:1ZCD-.';t u;L:, IC ii: J

rit~r.y' [in:0) RA(4) ,Lux(i.002) M JI 13DP. VanE.(-.) .'!(1 .t.%.)Ax(. :+"2c .:.:IDSP.

1.5 VIZ 3.77 7.7C 53.C6 8 1.5 ;IL. S.c1 1.S6 2c.* $

4.4 ^H7 4.52 4.C2 14.26 4 4.4 Gl". 3. 15 5.2') S5. 14 3
43:1 H5 4.14 3.71 1).C9 4 4.3 :1: 2.,), 3.16 7.23 3
5.2 GHZ 3.1) 3.41 IC,27 3 5.2 C1_ 2.73 2. 56 6.25 2
5.6 aH 3.5) 3.23 .C) 3 5.S :1: 2.6i, 2.74 5.51 2
6.C H;,; 3.4c 2.)2 7.8 3 6.c c;z 2.41 2.56 4. 1 2
6.4 CHI 2.34 2.30 6.25 2 6.s H. 2.2) 2.37 4.26 2
6., CZ 2.72 2.62 5.59 2 6.3 G3 2.16 2.25 3.l2 2
7.2 0HZ 2.66 2.43 5.C3 2 7.2 GINZ 2.6$ 2.13 3.41 2
7.6 0,H! 2.6C 2.31 4.71 2 7.6 O[ 1.91 2.C1 j.C2 2
m.6 GHZ 2.16 2.01 3.41 2 8.6 HZ 1.67 1.76 2.35 l
9.6 GH1 2.C4 I.32 2.92 2 9.6 G;IZ 1.491 1.53 1.4 I

10.6 G61z 1.91 1.64 2.47 2 IC.6 ^HZ 1.3 1.46 1.56 1
11.6 GKZ 1.67 1.52 1.99 1111.6 1!Z 1.21 1.34 1.3c
12.6 HZ 1.61 1.34 1.69 1 12.6 GIlZ 1.17 1.23 1.11
13.6 OHI 1.61 1.28 1.61 1 13.6 HZ 1.5 1.29 I.C¢

14.6 GRZ 1.54 1.25 1.55 1 14.6 'HZ C.).) 1.22 C.94
15.6 GIZ 1.4.3 1.16 1.35 1 15.6 sq: C.)3 1.22 C.3')

16.6 GHZ 1.3c 1.03 1.05 1 16.6 c3iZ C.J6 1.16 C.7J

INCIDEZCE ANGLE- 20 DEGREES I.C:D:.;CE a-LE 2C DE-RELS

fXEIUE:;CY RE(;) RA(.t AREA('I*'2) :SU1.4I:1DUP. 7RF52.(011.) ( l(i) A(A) ARF.A(A**2) XU. I:ZDZP.
1.5 ,r.Z 9.65 9.C8 61.26 17 1.5 6H.Z 5.51 5.56 24.C6 9

4.4 GHZ 4.96 4.21 16.43 9 4.4 0112 5.46 3.45 9.37 6
4.3i 0 12 4.55 3.9 13.92 3 4.9 GZ 3.26 3.25 8.33 6
5.2 GItZ. 4.21 3.57 11.22 7 5.2 11Z 3.C5 3.CC 7. 1 5
5.6 !HZ 3.-4 3.38 10.46 7 5.6 CIL 2.35 2.37 6.43 5

6.C SHZ 3.74 3.C6 8.93 6 6.C GIL5 2.65 2.6a 5.57 5
6.4 GHZ 3.12 2.93 7.20 5 6.4 CtlH 2.5' 2.49 4.90 4

6.s GHZ 2.99 2.74 6.43 5 6.3 GHZ 2.,3 2.36 4.4C 4

7.2 _HZ 2.92 2.55 5.a5 5 7.2 0H: 2.24 2.23 3.92 4
7.6 GHZ 2.35 2.42 5.43 5 7.6 G1Z 2.1C 2.1C 3.43 4
8.6 :HZ 2.33 2.IC 3.93 4 8.6 051z 1.33 1.35 2.66 3
9.6 ,3Z 2.24 1.91 3.36 4 9.6 G:c1 1.63 1.66 2.12 3

* 10.60GHZ 2.10 1.72 2.94 4 10.6 655! 1.49 1.53 1.73 3
11.6 GHZ 1.93 1.5) 2.29 3 11.6 G1Z 1.36 5.4C 1.49 2

12.6 GHZ 1.76 1.1C 1.94 3 12.6 GHZ 1.21 1.54 1.36 2
13.6 0HZ 1.76 1.34 1.35 3 13.1 GHZ 1.15 1.34 1.21 2

14.6 OZ 1.70 1.34 1.78 3 14.6 GHZ 1.C) 1.27 1.,9 2

15.6 GHZ 1.63 1.21 1.55 3 15.6 01Z 1.C2 1.27 I.C2 2
56.6 'HZ 1.42 1. c 1.21 2 16.6 G-- C.5 1.21 C.SC 2

IXC:06:IC5 A:IGLE- 30 DEZREES Viczos:scl A:GLE. 30 DEalzs

FRE2UZECY RE(S) RA(:I) AREA(.4*2) :3U:1.F13EP. F1E3.(GIIZ) RE() RA(.A) AREA(,CA2) U3I.I D
E
P.

1.5 ZKZ 11.41 3.79 73.72 23 1.5 GHZ 6.50 6.C4 3C.3C 16
4.4 GHZ 5-:5 4.57 21.02 15 4.4 GHZ 4.C9 3.74 11.08 10

4.3 GHZ 5.37 4.23 17.85 13 4.8 GHZ 3.34 3.53 10.65 t0
5.2 G5Z 4.6 3.8 15.12 12 5.2 GHZ 3.66 3.25 9.59 9
5.6 6Hz 4.64 3.67 13.33 12 5.6 HZ 3.36 3.11 8.21 8
6.C GHZ 4.40 3.32 11.49 11 6.0 GHZ 3.12 2.31 7.12 8

6.4 GHZ 3.63 3.18 9.20 9 6.4 0HZ 2.96 2.70 6.27 7

6.a GHZ 3.52 2.93 8.22 9 6.a ciz 2.S 2.56 5.62 7
7.2 GHZ 3.44 2.77 7.47 9 7.2 G01Z 2.64 2.42 5.C2 7

7.6 GRZ 3.36 2.63 6.94 8 7.6 0HZ 2.41 2.28 4.44 6
8.6 GHZ 2.30 2.23 5.C2 7 8.6 G0iZ 2.16 2.1 3.40 5

9.6 CHZ 2.64 2.C 4.30 7 9.6 GHZ 1.92 1.30 2.71 5
5C.6 CHL 2.43 1.37 3.63 6 10.6 GZ 1.76 1.66 2.29 4

11.6 GHZ 2.16 1.73 2.93 5 11.6 GHZ 1.60 1.52 1.91 4

12.6 GHZ 2.C8 5.52 2.48 5 12.6 C0lZ 1.52 1.45 1.73 4
13.6 0HZ 2.C3 1.45 2.37 5 13.6 G117 1.36 1.45 1.55 3
14.6 GHZ 2.00 1.45 2.28 5 14.6 cIIz 1.29 1.38 1.39 3
15.6 OHZ 1.92 1.31 1.93 5 15.6 GHZ 1.20 5.38 5.30 3
16.6 GHZ 1.69 5.19 1.55 4 16.6 GHZ 1.12 1.31 1.15 3

I!CIDE% C AGLZ- 40 DEGREES INCIDENCE ANGLE- 4C DECREES

FREQUE:JCY RZ(A) RA() ARSA(; **2) NU:t.IN.DEP. FREQ.(GHZ) RE() RA(,) AREA(;:*2) :IU. MDEP.

I.5" GHZ 14.6) 9.97 115.CC 48 1.5 GHZ 3.32 6.83 44.66 27
4.4 0HZ 7.49 5.553 30.45 24 4.4 GHZ 5.22 4.23 17.34 57
4.. GZ 6.37 4.73 25.nC 22 4. G'% 4.3P 3.9) 15.4: 16
5.2 ;H1Z 6.55 4.39 21.3) 2C 5.2 6452 4.60 3.61 13.1C 15

5.6 63z 5.)4 4.15 1V).57 13 5.6 G0HZ 4.23 3.52 I.J3 14
6.c ziiz 5.63 3.76 t6.62 S3 6.0 332z 3.1) 3.2) 1C.24 13
6.4 ^-.Z 4.7C 3.G6 13.31 15 6.4 lZ 3.73 3.C5 9.C6 12

6.d I;5z 4.56 3.j7 l .J9 14 6.. GH" 3.53 2.')C -3.13 12
7.2 21HZ 4.40 3.15 1c.-1 14 7.2 IH7 5.37 2.74 7.25 11
7.6 G04z 4.2') 2.37 IC.C$ 14 7.6 G5IZ 3.17 2.53 6.42 10

9.6 1!0z 3.53 2.5j 7.25 12 3.6 al0:, 2.76 2.27 4.31 9
9.6 01n! 3.57 2.35 6.21 11 3.6 Gil; 2.45 2.C3 3.91 a

Ic.6 G0IZ 3.17 2.1t 5.25 10 5C.6 CHI 2.25 1.33 3.31 7
11.6 G61z 2.76 1.)6 4.23 11.6 017Z 2.C4 1.72 2.76 7
12.6 GHZ 2.66 1.72 3.59 3 12.6 5il;: 1.94 5.64 2.5C 6

53.6 3HZ 2.66 5.64 3.43 1 53.6 0tlZ 1.74 5.64 2.24 6

14., 013Z 2.55 I.. ;.21 3 14.6 71r: 1.61 5.56 2.c5 5

55.241 2.1 5.1) 2., I l).; :11 1.5 5.6 1.13 5
tr,. 2.51 l.:i 2.2t '7 .3., 1.1 5.1 .4) 1.47 5



LX 110
"I:16zD3: A:;GLE- 50 DMRZES INCIDhIE AJGL!- 5C DER233

i ,. FREVENC.' RE(A4) 34(A.1 AOEA(::e*2) :;,,:D:,FRVI:. (GII) PE(') RA(:.*,) AftEA(; *.*2) 3*U ;D OU

I.5 0116 17.32 II.J7 173.41 65 1.5 6HIz 11.J7 d.16 76.12 46
4.4 G1Z 1C.6+1 6.1 1 51.34 .11 4.4 01[6 7.43 5.C5 2).42 25
4.8 GH1( 9.79 5.71 43.37 3:1 4.J GHZ 6.,3 4.76 25.13 V
5.2 -.H -).C5 5.24 37.21 35 5.2 .1C' 6.55 4.39 22.56 25
5.6 HZ :.,, 4.95 32.9C 32 5.6 GHZ 6.11 4.2C 2'.15 23
6.C GH( "3.CI 4.4H 29.23 31 6.C GiiZ 5.67 3.32 17.45 22
6.4 GA3 ,.L 3 4.30 22.57 2G b.4 GIIZ 5.1 3.64 15.36 21
6.0 G1 6.4C 4.C1 20.17 25 6.9016 5.6,J 3.45 13.73 19
7.2 G!tZ 6.25 3.73 13.33 24 7.2 GHZ 4.'N 3.26 12.29 ia
7.6 GHZ 6.11 3.55 17.1 23 7.6 e1(" 4.5c 3.C IC.,3 17
t9.6 saz 5.C3 3.03 12.2) 1) 3.6 01IZ 3.92 2.7C 6.32 15
.. 6 GnIZ 4.79 2.4 IC.53 Id J.6 GHZ 3.43 2.42 6.63 13
1.6 0aHZ 4.50 2.52 8.9c 17 10.6 G0IZ 3.19 2.24 5.61 12
11.6 GHZ 3.92 2.33 7.17 15 11.6 r.H., 2.90 2.05 4.67 II
12.6 GHZ j.77 2.C5 6.0 14 12.6 GHZ 2.76 1.)6 4.24 11
13.6 GHZ 3.77 1.96 5.3C 14 13.6 GHZ 2.47 1.96 3.79 9
14.6 GHZ 3.63 1.96 5.58 14 14.6 0IIZ 2.32 1.86 3.40 9
15.6 GHZ 3.48 1.77 4.84 13 15.6 GHZ 2.18 I.86 3.18 8
16.6 GsIZ 3.C5 1.59 3.79 12 16.6 GHZ 2.C3 1.77 2.82 8

INCIDENCE ANGLE- 60 DEGREES INCID:.1E ANGLE- 60 DEGREES

FRE0UE3ICY RE(:.) RA) AREA(M,42) NU:.IDMZP. ?Rn.(GHZ) RE(:) RA(1) ARqEA(.'4"2) XUR .13DEP.
1.3 HZ 19.98 15.64 231.43 86 1.5 GHZ 19.23 IC.55 153.24 79
4.4 GHZ 17.54 7.98 111.18 76 4.4 G!HZ 12.32 6.5C 62.89 53
4.3 GHZ 16.29 7.36 94.20 71 4.1 G!IZ 11.59 6.13 55.82 50
5.2 GHZ 15.C4 6.75 7'.76 65 5.2 GHZ 10.!5 5.65 48.16 47
5.6 GI 14.0S 6.39 70.45 61 5.6 GHZ iC.12 5.41 42.95 44
6.0 G116 13.31 5.78 6C.4C 59 6.C 3HZ 9.39 5.C4 37.2 41
6.4 GHZ 11.10 5.53 49-.2C 48 6.4 GHZ d.30 4.6d 32.75 39
6.3 GilZ IC.61 5.17 43.C6 46 6.d GHZ 8.42 4.44 29.37 36
7.2 0HZ IlC.i 4.J1 39.12 45 7.2 G0IZ 7.)3 4.2C 26.17 34
7.6 GiH IC.12 4.57 36.28 44 7.6 G1Z 7.45 3.96 23.17 32
d.6 az,- 8.42 3.96 26.19 36 8.6 GHZ 6.45 3.44 17.71 28
3.6 GHZ 7.33 3.6C 22.43 34 9.6 GHZ 5.76 3.12 14.10 25

IC.6 G0HZ 7.45 3.24 19.95 32 1C.6 GHZ 5.23 2.-3 11.93 23
11.6 UHZ 6.45 3.CC 15.27 23 11.6 CHZ 4.0C 2.6a 9.94 21
12.S 0HZ 6.24 2.64 12.93 .27 12.6 0 IZ 4.56 2.52 9.C 20
13.6 H1[Z 6.24 2.52 12.35 27 15.6 G1111 4.0C 2.52 8.C6 Is
14.6 GZ 0.6c 2.52 11.d7 26 14.6 G117 3.84 2.4C 7.22 17
15.6 33Z 5.76 2.23 IC.31 25 15.6 GiIZ 3.6C 2.4C 6.77 16
16.6 G0Z 5.C4 2.64 8.66 22 16.6 0HZ 3.36 2.23 6.CC 15

INC.DE4CE A:IGLZ- 70 DEGREES INCIDE.ICE A*IGLE- 7C DEGREES

IREWUENCY REZ:t) RA(.) AREA(:h*2) "X" DEP FREI.(TIZ) RE(:I) RA(:4) AEA(V"e2) NUm4.INDEP.
1.5 3HZ 26.44 24.62 569.15 124 1.5 -.H. 26.44 15.65 -72.37 124
4.4 HZ 26.44 11.31 276.53 124 4.4 01H! 24.53 9.56 0"2.74 1!5
4.3 GHZ 26.44 1C.2S 249.-41 124 4.3 MMZ 23.91 9.C1 174.53 113
5.2 GHZ 26.44 9. 6 223.C6 124 5.2 GA,6 23.37 9.36 152.49 ic
5.6 G0HZ 25.94 9.41 264.7 122 5.6 ^03Z 21.3C 7.94 135.37 103
6.C GIHZ 25.36 8.51 173.33 119 6.C G(4 20.20 7.40 117.41 95
6.4 CHZ 23.57 8.12 152.24 111 6.4 01I4 19.14 6.37 IC3.25 90
6.8 GIIZ 22.87 7.59 136.27 10-3 6.3 0HZ 18.C 6.51 92.50 85
7.2 0MZ 22.33 7.06 123.75 IC5 7.2 GiIZ 17.04 6.16 82.37 80
7.6 GIIZ 21.80 6.7C 114.71 103 7.6 VZ16 15.99 5.3C 72.35 75
5.6 0HZ 18.09 5.81 S2.49 S5 0.6 :AZ 13.90 5.03 55.66 65
9.6 GHZ 17.04 5.29 7C.6C 80 3.6 ZIlZ 12.34 4.5i 44.23 53
10.6 0HZ 15.99 4.75 59.59 75 i6.6 G:iZ 11.31 4.21 53.) s
11.6 GI 13.90 4.39 47.93 65 11.6 lt1Z Ic.27 3.d6 5i.l3 4q
12.6 0116 13.33 3.36 4C.59 63 12.6 6.16 9.75 3.63 23.21 46
13.6 0HZ 13.33 3.69 33.75 63 13.6 3HZ d.72 3.63 25.22 41
14.6 G[Z 12.36 3.69 37.23 6C 14.6 0HZ 5.21 3.51 22.60 39

4 15.6 0HiZ 12.34 3.33 32.32 5-3 15.6 OUZ 7.63 3.51 21.18 36
16.6 Gilz 1c.79 2.9S 25.26 51 16.6 ;HZ 7.13 3.33 3.J77 34

:1XIICE A:IGLc;- JC 660 : INCICE A:'OLE. SC DEGREES

..... .. .. HZ 71 W ".... APTT..!". F (CHZ) REOi) "lh( ) ,PEA(:'**2) 'T.11.,. I:EP.
1.5 0:": 43.33 71. ' 21!:.-4 246 1.5 31Z 48.33 33.-, 1411.-3 24C
4.4 GIIZ 43.61 24.r' 163.,S 246 4.4 6HZ 49.83 11.45 3-2.12 24C
4.d GrZ 43. 8- 22.72 1C'.60 24; 4.9 31Z 413.8! 13.27 317.12 24C
5.2 G01Z 4o.8d 2C.61 911.25 24: 5.2 C;Z 45.33 16.76 741.3q 24C
5.6 G1

-  
4-3.a 53 13.34 964.52 24C 5.6 3:4 4.5. 15.5-3 715.) 6 24C

6.C GHZ 4%,.d3 17.41 130.69 246 6.C :4Z 48.n3 I tl 9 65. C ) 21C
6.4 3, 4j.d. 16.46 715.26 24C 6.1 ;A: 4R. I "5 4,.tI 24C
6.a ^;JZ 4J. d35 15.61 63,.6i 4 6.3 ;,; z 413.- l ,.2 .6'1

. 
I 24C

7.2 GH71 41.37 14.22 6;4.1;) 24. 7.2 GI' "3.? Q.. , 2.--
7.6 1Z ".i 1 .4) 6,6.45 2?.6 14 : .1. I I' 2I.

i. :1 43.35 11.,1 56,.i 24C 4.6 C'I t?. 1C., 2
j.6 3iz 4 1.7 :1.q' ! . . 1 .2l 221
c4 1.6 :li . . . v; 7 .- :. 4,. 216

16.u .336 4 ." ". *"'.5" '"1 . . -. ' . . .- ' I'

1,.6 0114 7.-: 1-,.:Z 21

14.u ;iiZ.3. z I.6 '-o~ W' 2 4
Is,.:)j .~A4 4-).76 v j66.1 22, . 6 .: Z.-,

iU z .
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